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S 3  BBACTIOWS. AMD STR0CTDBB 0£  
A1XTL ALCOHOLS OII1VP
A STOTT -Of THE BIAO'IIOHS aSTD OPTICAL BEQRSRTllS
Of EmiPROLLBTLOAHBlIOL
ABP SOME Of ITS P RIYAT1V1S*
ABSTRACT Of THESIS
...•■Eifajipropenyloarfcinol.' (c< * e th y l-  ^ -m e th y la l ly l  a lco h o l)  
has been-reso lved  i n t o / i t s  d* and Informs by f r a c t io n a l  
c r y s t a l l i s a t io n  o f  the brucine s a l t  o f  the hydrogen p h th a lic  
ester.*. - Reduction of. the. o p t ic a l ly  a c t iv e ,  a lcoh o l has pro**-, 
vided data which r e v is e ' th e  f ig u r e s  published  for. the 
s p e c i f i c  rotatory  powers o f  e t h y l ;^ p ro p y lc a r b in o l  and i t s  
hydrogen p h th a lic  .e s ter* -
Parachor d eterm in ation s . on ^substituted a l l y !  .alcohols*  
and d e r iv a t iv e s  have in d ica ted  that; the ■ a lcohols--possess  
a c y c l ic  configuration*. -The absence "of a s so c ia t io n  "in .■
. a l l y l i e  a lcoh o ls  has been .demonstrated, by comparison of the 
e f f e c t s  of temperature on the par&chors. -of■ these alcohols'.; 
'and of saturated a lco h o ls  which are known'to be associated*  
In  comparison with that o f  me thyIpropenyloarbinol . .,
(<xy -di-m ethy1a l l y 1 a lco h o l)  the m utarofation o f  e th y l-
p ro p en y lca rb in o l. I s  regular* ..and the - fo rm at ion  of o p t i c a l l y  
a c t i v e  m e th y Ib u te n y le a rb in o l  ( o < - m e t h y l - y - e t h y l a l l y l  
a lco h o l )  has.been shown' to occur by anionotropic change* 1 
The c y c l i c  conf i g u r a t i o n  r e f e r r e d  .’to 'above p e r m i t s  an 
explanation f o r  ' the  ■ r e t e n t i o n '  o f  asymm.et r y  .oh-."already 
e s t a b l i s h e d  p r i n c i p l e s . :
The c h l o r i d e  of ethylpropenylcarb inol .has been p r e ­
p a re d  and has been shewn to g ive  a m ix tu re  o f .e tb y lp ropenyl* 
c a r b i n o l  and m e fh y lb u ten y lc a rb in o l  on hydro lys is*  -These 
p ro d u c t s  have been i d e n t i f i e d  by r e d u c t io n  and se p a ra t io n -  
of  d e r i v a t i v e s  ■ o f  the  r e s u l t i n g  e thylpropyl-- '  and methyl ■ 
n - b u t y l c a r b i n o l s  by f r a c t i o n a l  c r y s t a l l i s a t i o n *  O p t i c a l l y  
a c t i v e  e th y Ip ro p e n y lo a rb in y l  c h l o r id e  - su ffers 'ex ten s iv e  
■ r a e e m is a t io n  on hydro lys is*"  T hus- there  i s  u s u a l ly . ’ a e p a r -  
’/a t io n  o f  the c h l o r i d e  anion  b e fo re  a t tachm ent  of the 
hydroxyl group, the  l i b e r a t i o n  o f ' a mesomerie.kation  dur ing  
t h i s  p ro c e s s  l e a d in g  to r&oemieation and i s o m e r i s a t i o n . ’
The problems a r i s i n g ,  from the  d a t a  already, published  
on di-m ethyl a l l y  I  a lcoh o l a r e  d i s c u s s e d  i n  the  l i g h t
of  t h e - r e s u l t s  o b ta in ed  I n ' t h i s  work*
0 0  s  I  B S T S .
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- In 1936 H i l l s #  Kenyon' and P h i l l i p s  (1*0*8,*1936*576) 
reso lved  (X Y*&imethylalXyl alcoh o l (m e thy lp ropeny loa rb ino l)  
which was .found-to undergo m u ta ro t .a t io a  and p o s s e s s  a low 
p a ra c h e r  v a l u e , - '  The a lco h o l  obtained'by h y d r o ly s i s  of i t s  
c h l o r id e  ex h ib ited  u n u s u a l 'o p t i c a l  p r o p e r t i e s ,  ' S ince  then  
o th e r  o p t i c a l l y  ■ a c t i v e  Cx y * d i* * s u b s t i tu t e d  a l l y !  a l c o h o l s  ■ 
have, been examined "in. an a t te m p t  to  e x p l a i n ' the  abnorm alities  
of  ( X Y ^ d im e th y la l ly 1 a l c o h o l  as  w e l l ' a s  f o r  t h e i r :own 
i n t r i n s i c  i n t e r e s t ,  'Among th e se  a re  cx -m e th y l* y ~ p h e n y 1* 
a l l y l ' a l c o h o l -  (Kenyon, P a r t r i d g e  and P h i l l i p s *  J*C*S,,1936f 
85) #■ cx -phenyl*  y * m e th y la l ly l  a lco h o l  (Kenyon, P a r t r i d g e  
and P h i l l i p s *  ■1,0*8**1937*207} and (X-n*propy 1* y * m e t ty  1* 
a l l y l  a l c o h o l : (Arcus" and Kenyon* 1 ,0 ,8*  * 1 9 3 8 , 1 9 1 2 ) ■
The p r e s e n t  i n v e s t i g a t i o n  c o n t in u es  th e se  r e s e a r c h e s '  
by- studying cx • e t h y l * t h y l a l l y l  a l c o h o l  (ethylpropenyl*  
c a r b i n o l ) ,  the  p r e p a r a t i o n  and p h y s i c a l  p r o p e r t i e s  of  which 
a re  .to be found in'.the. experimental s e c t io n  of t h i s  work#
( I )  Op t i c a l  wreport!eg o f . e thy Ip top enyloarblnol and p e r ta in
■ ■ o f  i t s  derivatives*.OWDIMH' »')IW**iWWi,>Wi • .*W«*aujftfc»WW•
i o  anomalous r o t a t o r y  d i s p e r s i o n  was observed with  
e t i iy Ip ro p e n j Ip a rh in o l  and the  maximum r o t a t i o n  ob ta ined  ■ 
gave in  the homogeneous s t a t e  f o r  f i g h t  in  the v i s i b l e  
spectrum* a one term prude eq u a t io n :*
r  y**° X
L o g  =  3,780 /  ( A -0 .0638)
O '
w i th  a  c h a r a c t e r i s t i c  frequency of about  2525A. Sevens 
and H a l l e r  ($  *Chem* Phys •1957 * 5»980) have found wi th  
s i m i l a r  a l c o h o ls  t h a t  an a n a l y s i s  o f  the  d i s p e r s i o n  m e t  
a wide range of w ave-lengths shows the n e c e s s i t y  f o r  a  two- 
term P r u d e .equation to  account f o r  the  d i s p e r s io n ,  The 
r o t a t i o n  of  the  a l c o h o l  decreased r e g u l a r l y  w i th  r i s e  in  
tem pera tu re  and e x t r a p o l a t i o n  in d i c a t e d  t h a t  the  d i s p e r s io n  
would n o t  be anomalous a t  the  b o i l i n g  p o i n t .  The c h a r a c t e r ­
i s t i c  frequency  found here  f o r  e t h y lp ro p e n y lc a rb in o l  is' 
v e ry  c lo s e  to  th a t  r e p o r t e d  f o r  n -p ro p y lp ro p e n y lc a rb in o l  
by Arcus and Kenyon ( l o c . c i t , } v is*  ■ 2690 1 .
; The hydrogen p h t h a l i c  e s t e r  gave- a c h a r a c te r is t ic  • 
d iagram '(A rm strong  and Walher, I8roc* Hoy*See, «■ 1913,A,88,.388) 
fo r 'r o ta to r y  powers i n  V ar ious  s o lv e n t s  w h ic h . i n d ic a te d  
v e ry  s l i g h t l y  complex d i s p e r s io n  a n d - in  the  p a r a c h o r  s e c t io n  
of t h i s  work .a tendency, to  r i n g  fo rm a t ion  in  the  s i m i l a r l y .  ,
c o n s t i t u t e d  .bensoate- i s  suggested*, . ffeis I s  b rought  about 
by' the  .p rox im ity  o f  .the ca rboxy l  oxygen.. and the  y * o a rb o n  
atom w ith  the pow erfu l  e l e e t r o m e r i a - e f f e c t  o f . t h e  benzene . 
nucleus*., fhe. maximum o b ta in a b le  .epeeif ic  r o t a t i o n ,  of  the  
hydrogen, p h t h a l i c  e s te r ,  was d e f i n i t e  but  th e re  was some 
v a r i a t i o n  in  t h a t  o f  the  a lc o h o l  o b ta in ed  therefrom -by  - ■ 
h y d r o ly s i s  which in d i c a t e d  s l i g h t  r a c e m ie a t io n  dur ing  t h i s  
hyd ro lys is*  ....A s i m i l a r  r e s u l t  has  been r e p o r t e d  in  the 
h y d r o ly s i s  of the hydrogen p h t h a l i c  e s t e r  o f  o< *m ethyl*y  * 
p h e a y la l l y X 'a l c o h o l  by Kenyon* p a r t r i d g e  a n d -P h i l l ip s *  (£ » £ ,§ '  
1935.,S5) who found t h a t  s a p o n i f i c a t i o n  w ith  51* sodium 
hydroxide gave the  a l c o h o l  in  a s t a t e  approaching o p t i c a l  ; 
p u r i t y  and l e s s  c o n c e n t r a t e d  s o l u t i o n s  of  sod ium ;hydroxide  
caused  in c r e a s in g  r a c e m is a t io n .  An e x p la n a t io n  f o r  ;t h i s  - ■ 
.phenomenon has been p u t  forward  by Arcus &ud;KenyQfv ( d . 0*0*,. 
1938*191?) - w h i c h ' tw e lv e s  t h e ' l i b e r a t i o n 1of t i e  e^rbonium 
Nation' 0 S B ,  * 0 S * ’C II 1 2 w ith 7co n se t^ e n t '  r a c e a i e a t i o n  
to  an. e x t e n t  dependen t 'on  the s t r e n g t h  "of; the  a l k a l i  used* 
H o m a l  s a p o n i f i c a t i o n  which m a in ta in s  asymmetry;must p roceed  ■ 
w i thou t  b r e a k i n g ' the  ' 0 ■<* B ' bond a n d ; In s t r o n g ly  a l k a l i n e  ■ 
s o l u t i o n  the  e x i s te n c e '  of  th e  hydrogen p h t h a l i c ' e s t e r  as 
an ion fa v o u r s  'such a  cou rse  of r e a c t i o n '
When the . a l k a l i  i s . in e u f f ia ie n t ly  strong* thus  p e r m i t t i n g  
the ex is te n c e  o f  a p p re c ia b le  amounts of  u o d i s s o e i a t e d 'ester** 
acid* the  e l e c t r o n  a t t r a c t i n g  n a tu re  o f  the u n d ts s o o ia te d  
ca rb o x y l  group promotes the  tendency t o ■the fo rm ation  o f  
the  above mentioned ca rb o n iu a  k a t i o n .
When a  specimen of  the d*a lcoho l  was reduced the 
r o t a t i o n  of"the e th y l  n - p ro p y le a rM n o l  o b ta in ed  was g r e a t e r
maximum r o t a t i o n  o b ta in a b le  b u t  by c o r r e c t i n g  f o r  the amount 
of raoem ic'm aterial''present in  t h a t  reduced the  s p e c i f i c
The previous maximum' f i g u r e s  reportedw (l.oo*cit») were- fo r
l-f-CO-e-Cp-CHB 4CHR
r *. 0i! . cm2.
■00^  H
than t h a t  p u b l i s h e d  by' P ic k a rd  and Kenyon {JW0»S»i1913*105, 
1923) and a l s o  g r e a t e r  than "the i n c r e a s e d ' r o t a t i o n  r e p o r t e d  
a f t e r  f u r t h e r  i n v e s t i g a t i o n  by 10
■ The specimen o f  ethylpropenylcai
r o t a t i o n  ob ta ined  ' f o r  the'' o p t i c a l l y  pu re  d** e t h y l  n~propyl~ 
c a rb in e !  is .  [ck] ^ =  -b?,0§ * The cU e t h y l  n«*propylcarbinol was 
conve r ted  to  t h e ■hydrogen ph tha l& te  which in  ch loroform  solu** 
t io n  had a  s p e c i f i c  r o t a t i o n  {s i m i l a r l y  'c o r r e c t e d )  Ok L ^  + 9 ,70°
eth y l'^ -p rop y lcarb in o l [&] ==114,21 and f o r  the  hydrogen 
p htha la te  in  ch lo roform  s o l u t i o n  — -5*76 /1  I t  i s
t h e r e f o r e  concluded t h a t  the  r o t a t o r y  $ ©war of; o p t im a l ly  ■
 ^ _ _ SO Q
p u re  e fh y lp f  ©pyXeartoinol i s  [pcj =  +7*0® and t h a t  t h e , • 
f i g u r e s - f  I r e n  toy P ick a rd  and Kenyon .are too lew. fhe  r a t i©  
o f  the s p e c i f i c  r o t a t i o n  of  the hydrogen ph th& la te  -to- t h a t  
of', the  ©artoinol i s  . '1*57 '...In tooth'-case s.  the  r e v i s e d  - 
f i g u r e  i s . s t i l l  i n  l i n e  w i th  the  g e n e r a l i s a t i o n  .made toy - 
t h e s e  workers on th e  r o t a t o r y  powers o f  the  e t h y l  s e r i e s  
o f  ca r to luo ls .  The d«ethylpr©penylcartoinol used f o r  
r e d u c t io n  was f r e s h l y  p r e p a r e d ; from the hydrogen ph th& la te  
and thus, no mu t a r o  t a t  ion had occurred* . a -
A simple s u to s t i tn t io n ■ re a c t io n  on ethylpfepenylc&rtolnol  
was found to- cause  ex ten s iv e  ra c e m is a t io n  w i th  a  small  
amount of  invers ion*  O p t i c a l l y  a c t i v e  ( laevo)  e thy Ip ropen-  
y lca r to ino l  was c o n v e r t e d - to  -the p o t a s s i o  d e r i v a t i v e  w i th  
po ta ss ium  m e ta l  i n . e t h e r  and the  p roduc t :m ixed  w ith  methyl 
io d id e .  A f te r  f i l t e r i n g '  o f f  the  po ta ss ium  io d id e  . there  
was ©totalised the m e th y lv o th e r  p o s s e s s in g  a  l a r g e  dext.ro. 
r o t a t i o n *  /The c o n f i g u r a t i o n  o f  " t h i s  e t h e r  ,1s the  same' 
a s  t h a t  o f  the  o r i g i n a l  carto inol a s . t h e  l in k a g e  toetween 
the hydroxyl oxygen.and "the asymmetric cartoon atom remains 
i n t a c t  th roughou t  the reac t ion* '  \
the  same e t h e r  was then p re p a re d  toy a method which 
in vo lved  s u b s t i t u t i o n * " . A specimen o f  t h e  hydrogen p h t h a l i c  
■ester o f  the e thy lp ropeny lca r to ine l  used  p r e v io u s l y  ( a l s o
l a e v o r o t a to p y ) was refluxed  w ith  methyl alcohol# the con-* 
f ig u r a t io n s  of  ‘the  j^c&rblnol and of the jUhydrogen p h t h a l i c  
e s t e r  from which, i t  was ob ta in ed  by h y d r o ly s i s  a r e  necess*  
a r i l y  i d e n t i c a l  because- the  oxygen to  carbon l in k a g e  i s  . ,  ^
not.  broken during -normal hydrolysis*  ; (Polanyi and Ssabo, 
Trans* Faraday S ee*.1954»50»508)« The methyl e t h e r  recove red  
from ; the p ro d u c t  was- in  t h i s  case  lae ir© rota tory  b u t  w i th  
only £*6$ of  the r o t a t o r y  power of  the e ther ,  made by the 
po ta ss i©  d e r i v a t i v e  in te rm ed ia te*  , , fh u s  s u b s t i t u t i o n  of the 
m e th o d  r a d i c l e  f o r  the  a c id  p h i h a l y l  r a d i c l e  had involved 
in v e r s io n  w ith  over  0 7 ^ . racem isa t ion*  ■ This ex te n s iv e  
racem isa t ion .  i n  s i m i l a r  rea ct io n s  has  been no ted  befo re  
and ap p e a rs  c h a r a c t e r i s t i c  when in version  occurs  w i th  a l l y l i c  
compounds*. ; Arcus and. Kenyon f 1938,1912} g ive  the  .
fo l low ing  d a t a  ?*
' CKHtetCE.CBtte
i
CS.H.C6 E^,C 0i0
,  ..GHileS0H.CE»Me. 0 .CHO 
ftc ° H ) CBIeS CH.CBieOAe
C jffie i CH.O BIe «GMe 
C M esG H .eB C e.O .B a
O p t ic a l
B urity
0 .7
6.0
8 .0
ffiesCH.CHPr . .trt*£2a!i* Cffie?CH.CH.Pr.O.CO.CB. 0 .5
coa H.C6 H4 ,C0.Q - tL-C0^  c m e : CH.CBPr, 0 ,  CHO
hi
■ CBS® * OH «CHPr *0 * CO *£h
0*0
0*0
. Xa' the l a s t  t h e  b ensoa te  was shown’to be a m i x t u r e .
. Tke r e s u l t  o b ta in ed  w i t h "e th y lp re p e n y lc a r b ln y l  hydrogen 
pkthalate  I s  e x a c t l y  in  l i n e  w ith  those  t a b u la t e d  above♦
. f h e  meehsBisna o f  the  rep lacem ent  of  groups ’ i n  a l i p h a t i c  
.compounds c o n t a i n i n g  an asymmetric c a rb o n  atom has been.
;shown- to  depm<X o n .'two main p r in c i p l e s *  (Eenyon* P h i l l i p s . ,  
fr&ns* f a l& d a y S e c .  1930*B6,45i Hughes, ' I a g e l d  eb  a l ia*
1 *0 *S * 1193?, 1258} *‘ When ■ the  - e n t e r in g  group " bee#©es a t  taehed  
to ..the-- asymmetric ca rbon  atom b e fo re  the d i s p l a c e d  group 
i s ' d e t a c h e d - t h e n  th e re  i s  In v e rs io n '  o f  c o n f ig n r a t i o n  w i th  
a small- amount o f  ' r a c e a i s a t i o n V ' '
A -  X +  T ~ =  l E " ~ \  p k  — ■* A -  f  +  X
■ fh e -co n tro l l in g  stage in  th is  reaction ' i s  Mmoleeul&r* I f  
however- the d isp laced  group i s  detached'before the entering-
group' becomes-attached* r&eemlsaiieh Is  considerable*
Should there be any re te n tio n  o f  o p t ic a l  a c t i v i t y ' due to .  
the sh ie ld ing  ac tio n  of th e ■receding ion then Invereion 
- occurs*- '
- A -  X — -}. A+ +■ X~
: - A -+- Tf"   * A * . t
f h i s  i s  a  two s tag e  p r o c e s s  a n d ; th e , c o n t r o l l i n g  s tage  i s  
'monomoleeular* I t  fo l lo w s  t h a t  In a l l  the  above cases  the
phth& lyl  r a d i c l e  - le a v e s  the  molecule a s  a n an ion  and t h e . 
r e a c t i o n s  a r e  m a in l y . two s tag#  p rocesses*  ' T h e  r e s i d u a l  
u n s ta b le  ca rh o n iu m .h a t icn  a s  has "been p o in t e d  o u t 'b y  
Arcus and Kenyon - ■{l©e*eit*),  i s  ,e f f e c t i v e l y  p l a n a r ' and 
thus  im m edia te ly . racemised  on fom&tion* ■ I t  was. n o t  found 
p o s s i b l e - . to  show t h a t  the methyl,  e t h e r  ..was a  .mixture* owing 
:to . ' the  ' d i f f i c u l t i e s , - I n  a n a l y s i s  -of .m ix tu res  of  isom er ic  
e t h e r s . s B d ' t o - t h e . e x p e r i e n c e  o b ta in ed  when a t t e m p t s twere 
mad© to .i s o l a t e  pure '  {specimens o f  e t h e r s  f o r  p a r a c h o r  
d e te rm ina t ions* . .■ t hero was a-.marked' tendency to  form c o n s t a n t  
b o i l i n g  p o i n t  mix tures : 'even  -with . s o lv e n ts  and t h i s  p re v e n ted  
t h e ' a p p l i c a t i o n  o f ; t h e  r e f r a c t i v e  Index method used by 
Young and lane* "- ( I ‘;A*0*S..i»X93?i59*8051). ■
.... , I t h y lp r o p e n y lc a r b iB o l  e x h i b i t e d  mu t a ro  t a t  ion  in  an 
a p p a re n t ly  e r r a t i c  manner - on - s tan d in g  * . One ,-&*spee imen in  ■ 
1*156 days .had l o s t  34£f of i t s  o p t i c a l ,  a c t i v i t y  -while - ' 
another, ^ s p e c i m e n  a f t e r  s tan d in g  1 ,6 3 4 ; days had o n l y  l o s t  
%% a c t i v i t y * , ■ T o t  a n o th e r  ,4*specimen only l o s t  a c t i v i t y  
in  736 days b u t  w i th  th e , su b se q u e n t  a d d i t i o n  o f :1$ o f  formic 
a c i d i t  l o s t . 'a c t iv i ty - l .u  a-.further'-:21 days*-■ : '
,.: The f i r s t  specimen on r e d u c t io n -w i th  hydrogen - in - t h e  ■ 
p re s e n c e  - of  p la t inum ' c a t a l y s t  gave a  hexanol o f  g r e a t e r  
■optical r o t a t o r y  power than, would be expected  "from the 
s p e c i f i c  ro ta t i o n ,  of . . .e t l ' iy lpropylcarbinol  o b ta in ed  by the  '
r e d u e t i o n " o f . f re sh ly -  p rep& rtd  e tby lpropenyle& rblnoi*  The 
r o t a t i o n  o b ta in ed  { c o r r e c t i n g ' f o r  the  o p t i c a l  p a r i t y  of  the 
c a rb i n e l '  he fo re  m u ta ro t a t i o n )  was 93ff of t h a t  o f  o p t i c a l l y  
: p u r r  e th y Ip ro p y lc a r M n o l ,  whereas the a c t i v i t y  o f  the 
:e th y Ip ro p $nyXcarbino1 had dec reased  to  66^ on s tanding* 
the  in c re a s e d  o p t i c a l  a c t i v i t y  .was due to. the p re se n ce  of  
an a l c o h o l  a s  the hydrogen .p h t h a l a t e  of  t h i s  reduced  p ro d u c t  
had a  much g r e a t e r  s p e c i f i c  . r o t a t i m  ,than  t h a t  o f  o p t i c a l l y  
p u re  e th y Ip ro p y lc a rh in y l -  hydrogen p h t l i a la te*  , Thus as  w e l l  .. . 
as  some r a c e m is a t io n . - fh t r e  had been a tau tom eric  ■ conve rs ion  ' 
to a n o th e r  ca rb ino l : ,w ith -  r e t e n t i o n  of  o p t i c a l ,  a c t i v i t y *  . With
■ t h i s  e x te n s iv e . - lo s s  o f  a c t i v i t y  o n . s ta n d in g  .the d i s p e r s i o n  
c o n s ta n t  had n o t c changedi su g g e s t in g  t h a t  the new C arb ine !
G;
formed was.:Very s i m i l a r  to  :the o r ig in a l > e th y lp r o p e n y lc a r h in o l .  
f h r r r & r s  v e r y .good-grounds f o r  p o s t u l a t i n g  th e  form ation .  -
■ of <x*methy 1*.y ~ e t h y l a l l y l - a l e o h o l : (m ethyX huteny lea rb ino l) 
in  t h e $ e ■c i r e u m s ia n e e s * * t h a t  i s  a .m i g r a t i  on of  . the  hydroxyl
; -group ' from the  ex. ■ -*c to. the  ■: y  - ca rbon  atom*. -; A . specimen o f  
d.i~e thy  In rep enyle a r t  ino 1. which had s tood  .ab o u t  two y e a r s  
was r e d i s t i l l e d  and c o n v e r t e d . to  the p^xenyi  urethane*
A f te r  f r a c t i o n a l  c r y s t a l l i s a t i o n  a small  q u a n t i t y . o f  c r y s t a l s  
having m e l t in g  p o i n t  of..:the jv-xenyl u re thane  o f  (X -m ethy l -  
: y - e  t h y l a l l y l  a l c o h o l  was obtained,:  - t h e  d e n s i ty  of  the 
reduced e i h y lp re p e n y le a r b in o l  o f  s i m i l a r  age was found to  
• l i t  between the v a l u e s  f o r  e thy ip  ropy lc  a f  b i n d  and methyl*
&*feutyl0$rMnol« -
■ An i s o m t r i e :change in. -w hich ' the  hf&rmtg 1 anion- \, 
m ig ra ted  from the c< -  to - the  - y  -carbon  atom a$ .suggested  
ab o v e ' would cause the fo rm a t ion  o f  m e th j ih u t e n y lo a rh in o l  * 
hu t  i t l o  shown l a t e r  t h a t  some type. of.  r i n g  tau  tome r  ism - 
' i s  n e c e s a a r j  ■ to  o ^ p ia in  the l a r g e  p r o p o r t i o n  o f  asymmetry. . 
induced i n  the - y - c a r b o n  atom* The c y c l i c  c o n f ig u r a t i o n  (p*29) 
. f o r  .ethylp'ropenylearhihel. evidenced by par&ehor measurements, 
is- i n  favou r  of"the tautomeric change while  i t  a l s o  'provides 
the  co n d it io n s  f o r  p ro p a g a t io n  o f  asymmetry* f t  i s  only . 
n ec essa ry  to. t  the l in k a g e  between -'the - hydroxyl -oxygen .and 
the - ^ - c a r b o n  atom should  become a t r u e  c o v a le n t  linkage"-'
■ and l e a v e  the - o r i g i n a l  oxygen to  CX -carbon. atom as a d a t iv e  
bond*' This  would .occur under  the 'p o s it iv e  In d u c t iv e ' in f lu e n c e
■ o f  the CK ■•■ethyl group i f  the  hydroxyl* i n  t e n d i n g ■to i o n i s e  
■off* moved s u f f i c i e n t l y ' f a r ' from the  r e t a i n i n g  f i e l d  of. the
CX -ca rb o n  atom* An a c t u a l  t r a n s f e r  of  e l e c t r o n s  from one 
l in k a g e  o f  the  y$-carbon  atom t© the  o th e r  would occur 
s im u l ta n e o u s ly * ' th u s  g e n e ra t in g  the  m e th y lb u te n y lca rb in o l  
-molecule without" any c o m p le te ' i o n i s a t i o n *  As in  the  ease,
' o f , e t h y lp ro p e n y lc a rh in o l  the  p o s i t i v e  in d u c t iv e  -effect  of 
: the " e th y l  group i s  g r e a t e r  than t h a t  of  the  m ethyl  group*
-the  u l t i m a t e  e q u i l ib r iu m  m i x t u r e ‘would t h e r e f o r e  be expec ted
■ to conta in  more s e t h y i h u t e n y l c a r b i n o l ' than e th y lp ro p e n y l -  
c a r b i n o l  and th e re  i s  a d e f i n i t e  tendency f o r ' t h e  l a t t e r
to  undergo- i s o m e r i s a t t o n y  : As a p a r t i a l :  . Ion isa t ion ' '  of, an 
a n i o n / i s  . inTol?ed I n  t h i s  mechanism the  a t t a in m e n t  of  
equiilWiuDi' s h o u ld ' f e e /a c ce le ra te d '  by '- the -p resence  of. a c id  ■ 
and i n  a  rnedihm'af :Mgh d i e l e c t r i c  c o n s t a n t ,  \ / I n  p r a c t i c e  .
: the specimen o f  d ~ e thy Ip r  op eny Xc a rb i  n o f  th a  t  had l o s t  only 
o f  - i t s  a c t i v i t y  in  two year's l o s t  an o th e r  0  ' in  th re e  
weeks " a f t e r  = the a d d i t i o n  o f  ;$$ of f c r i t i c  acid*- /  An a l l  
specimens ;o f  -e thyIprdpenylearbihoX examined became- a c id  - to  - 
moist, l i tm u s  -cfe.standing' and :eld specimens were wet when , 
- d i s t i l l e d * '  i t  /would- appear  t h a t ' t h e  a p p a r e n t l y - e r r a t i c  
mo ta ro  t a t  ion  i s  ceased  by ' t h e : v a ry in g  - r a t e ' o f  a e r i a l  - o x id a t io n  
o n ' s t a n d in g ," ■ i b i s ' p r o b a b l y  d e p e n d s / la rg e ly /o n  the e f f i c i e n c y  
of p u r i f y i n g ■' i n  ■ the  f i r s t  p l a c e  and o n , the type of  b o t t l e  /  
used- f o r '  s torage*' ■; More: i r r e g u l a r  m u t a r o t a t i s n  w i th  change .
' of' s i g n 1 has been - observed w i th  'meffeyipropenylcarbinol '  by 
H i l l s * ' Kenyon and P h i l l i p s  ( loc  * e l i * )♦
- " the  - f a c t  t h a t  t h e - r a t i o s  between ■ the' s p e c i f i c  r o t a t i o n s . . ,  
of e t h y l  n * p ro p y lc a rb in o l :-and - its-; hydrogen ph tha l& te  : and o f ,  
methyl ■ j£~bu ty iearb ino l  and i t s  - hydrogen p.hth&Xate,v a r e  
widely' d i f f e r e n t  w as ' used to  determine approx im ate ly  .the 
c o n c e n t r a t io n s  o f , t h e '  o p t i c a l l y  a c t i y e ' i s o m e r s  in  
e th y Ip ro p e n y lc a rb in o l  which had undergone tau tom eric  change, 
i t  i s  n ec essa ry  to /assum e t h a t  d i l u t i o n ' o f  one of .the ' 
s a t u r a t e d  isometn  by. i t s  tau tom eric  isomer causes  no 
a p p re c ia b le  change i n  i t s  s p e c i f i c  r o t a t i o n *  I t  i s  known
-that -’the' s ig n s  o f  ''rotation o f  ; th© ' hexane ls  ' in  ' the' homogeneous 
■■otate t a l  of  the  -"corresponding hydrogen p h th & la l s s  "in' ' 
chloroform' s o l u t i o n  ;a r e  ■ s im ila r*  Thus- ' fo r  any 'mixture- o f  the 
o p t i c a l ly -  a c t i v e  isom eric '  hexane i s  'a'; l in e  showing - the change 
© f-r o ta t io n -o f  &- oolumh r f ' ' t h e - l i q u i d ' a g a i n s t  v a r i a t io n ' -  : 
i n  p e rce n ta g e  com posit ion  -will" he 'genera lly  - im: the  same" 
d i r e c t i o n  as  t h a t - f o r ' t h e  s p e c i f i c  r o t a t i o n s  of  the  c o r r e W '“ 
ponding-hydrogen-phthala tee  "In chloroform  so lu t ion*  'The''lines 
however - do - not make t h e  same ang le  w i th  the. horizontal' a x i s  
i f  the r o t a t i o n s  " a r e 'p l o t t e d  v e r t i c a l l y  on the same' sca le , '
■The f o u r :p o s s i b l e  combinations o f  the  "isomers' g ive  fo u r  
p a i r s  o f  such l i n e s  and th o s e  in v o lv in g  m i x t u r e s ' o f  
isomers of  o p p o s i t e  s ig n  g iv e  zero  r o t a t i o n  a t ' t h e  appro* 
p r l a t e  compositions*- The scheme i s  s im p lif ie d  .by p lo t t in g  
p e rc e n ta g e  com posit ion  a g a i n s t - t h e  quotient- '  o b ta in e d  by 
d iv id i n g  :the -value f o r  the spec if ic -  r o t a t i o n  of. the 
hydrogen p h t h a l a t e  m ix tu re  by'the r o t a t i o n  of  the  co r respond­
ing carbinol m ix tu re # ■ The r e s u l t  i s  one curve f o r  m ix tu re s  
of s i m i l a r  s ign  and an o th e r  curve which p a s s e s  through s e r e  
and i n f i n i t y  f o r - m ix tu r e s  o f  oppos i te  sign* (See f ig* p * /6 )  
These c u r v e s :do n o t  c r o s s  one a n o th e r  hu t  only m eet-at'' 
the.  two p o i n t s  which correspond  to  100$ etfcylpropyl1 and/
100$ m e th y lb u ty l  r e s p e c t i v e l y  and a re  n o t  a f f e c t e d  
by d i l u t i o n  w ith -o p t ic a l ly  inactive-  m a te r i a l - p r o v id e d
t h a t  I t  i® to the  same e x t e n t  in  "both e a r  h i  no 1 and hydrogen 
p h th a la t e *  .; T hence , fo r  a  m ix tu re  o f  isomeric  hexanols  the  
p r o p o r t i o n  o f  o p t i c a l l y  a c t i v e  isom er ides  I s  de te rm ined  by 
measurement-of  th e  q u o t i e n t  .o f  ...the r o t a t i o n  o f  the  homogen* 
eons o&rhinol s.: d iv id e d  i n t o  the spec i f  io r o t a t i o n  of the 
Chloroform s o l u t i o n  o f  the t o t a l  hydrogen p h t h a l a t e  oh ta in *  
ed the re f rom  w i th o u t  any y e c r y s i a l X i s a t i o n * ' This  , 
measurement a l s o ;d ec id es  /whether th e - I s o m e r id e a .h a re  s i m i l a r  
or oppos i te  signs* flic p r o p o r t i o n s  o f  the o p t i c a l l y  a c t i v e  
ipomerides  being determined* th e  c o n c e n t r a t io n s  o f  each 
and t h e i r r e s p e c t i v e  s ig n s  a re  found by comparison o f  the  
two. p o s s i b l e  r o t a t i o n s  o f  e i t h e r  c a r h i n o l  or  hydrogen 
p h t h a l a t e  w i th  the  determined ro ta t ions* . .  An example o f  
this- a p p l i c a t i o n  . i s  i l l u s t r a t e d  on page 14.* sodium l i g h t  
was used  i n  a l l  th e se  measurements*, the  d a t a  f o r  methyl 
n~bntyle&rbinQl were-, o b ta in ed  .fream the  c o n s t a n t s  p u b l i s h e d  - 
by P ic k a rd  and Etnyon .1911*99*4$) b u t  the  v a lu e s  .
f o r  . e th y lp ro p y lc a rb in o l  and- I t s  hydrogen phth&X&te were 
de te rm ined  o n - th e .p r o d u c t  o f  r e d u c t io n  of f r e s h l y  p re p a red  
o p t i c a l l y  a c t i v e  e th y Ip ro p en y ie & rb in o l* the  s ig n s  of  
r o t a t i o n  of  the s a t u r a t e d  a n d - u n s a tu r a t e d "o a r b in o l s  and 
t h e i r .hydrogen p h i h a l a t e s  were a l l ' i d e n t i c a l  i n . the  l a s t  
case  b u t  the r e l a t i o n  between the s ig n  of r o t a t i o n  o f  
methyXbutenylcarbii io l   ^and of-; the methylbwtylcarbinoX.. 
ob ta in ed  b y . - red u c t io n ' i s  n o t  known by d i r e c t  measurement.
14.
M l  'eigne" ©£- ' ' rotat ion i n - t h i s  ease  a re  ag a in  .probably  
s i m i l a r  a s  e thy lp  f  op eny Ic&rMh o l  which'-has CM erg one muta- 
. r c t a t io h '  b m  ' t h e  . 'same'-diepersion ' r a t i o  "as the f r e s h l y  ; 
p re p a re d  c a r b i n e l  and 'does  n e t  e x h i b i t  'any anomalous’’' 
e h a r a e t e r i e t i o e ^ ’- '■‘A 's im il-a r ;C o n d i t i o n " i e  found to -h o ld  
a l so ' 'o n  the- produo i s  o f  r e d u c t io n ’ of  '’e th y lp ro p e n y lc a rb in o ’l  ■ 
b e f o r e 'a n d  a f t e r  mu ta ro  t a f  loh# : However ■ the  c o n f ig u r a t i o n s  
o f  the  'u n s a tu ra te d  and reduced compounds’ are '  n e c e s s a r i l y  
s i m i l a r  whence-1 i t  f e l lo w s '  t h a t  the  a n a l y s i s  of  the 
s a t u r a t e d  mixture- o f  ieomerfdes  employing the m e th o d 'o u t -  :
■ l i n e d  above a p p l ie s '  d i r e c t l y ”’to  the  unsm tu 'ra ted  i s  ©me r i d e s  
a s  'Well#. - .
' t i l l s  method o f  ’a n a ly s i s  was a p p l i e d  ' t o ' t h e  p ro d u c t  
of  r e d u c t io n  o f  I h e ’specimen o f  j | - e th y lp ro p b n y lc  rh in o !  ' 
o f  "which the o p t i c a l  r o t a t o r y  power had. dec reased  to  66$T" 
o n ' s t a n d i n g ' 1 #156 d ay s 'an d  which i s  r e f e r r e d  to  e a r l i e r  
i n  t h i s  se c t io n *  fhe r o t a t o r y 1 power of  the r e d u c e d 'c a r b in e !
o20
was. 4*5*6 * in  the  homogeneous s t a t e  and the
hydrogen p h t h a l i c  e s t e r  p r e p a re d  the re from  had Cocl + i« .7*?895
in  c h l o r o f o m  solution#. The q u otien t 4 1 6 , 7 / 4 - 5 . 0 =  4-3*34
which co r responds  w ith  of  t t h y l p r o p y l c a r h i n o l  and 44$ 
of methyl n~bntyio&rMneI* Also the' r o t a t o r y  powers of  the  
c a r b i n e l s  being o f  s i m i l a r  s ig n ,  they must b o th  be d e x t ro ­
rotatory.* ( ice  f ig*  £>* / 6 } .  T o r  an o p t i c a l l y  pu re  m ix tu re  
of t h i s  com posit ion  the  r o t a t o r y  power of the c a r b i n o l
1is.
/■c w  ' O '
would l)e <Xs-893+7*4 (1*1*0)* so t h a t  the o p t im a l ly  a c t i v e '
c o n s t i t u e n t s  t o t a l l e d  67*5$ o f  the whole* A s ' t h e  diethyl-* 
propenyloarbinol b efo re  m uta ro t& ticn  was 92*5$ o p t i c a l l y  
p u r e . i t  fo l lo w s  t h a t  a f t e r  .mu taro t a i l  on "there was r e te n t io n  
o f  73$ o f  th e  o r i g i n a l  o p t i c a l  a c t i v i t y *  t h i s  w a s'd is tr ib u ted  
between d ^ e th y lp ro p e n y le a rb in o l  and jUmethyl bu tenyX earb lne l  
in  the  r a t i o  56 t o  44# .Thus o f  the o r i g i n a l  d*eihylprepenyX* 
c a r b i n o l  27$ was r&cemised*' 41$ remained and 32$ was conver ted  
to  d*methylbutenylcarbtnol*.
The anioao  t r o p i c  change which i s  invo lved  in  t h i s  muta~ 
r o t a t i o n  g iv e s  a s t a t e  o f  dynamic equ i l ib r ium * so t h a t  any 
g iven  molecule may have changed many times and b o th  isomers  
may . have been p a r t l y  racemised* ' K e v e r th e le s s 1 the amount of  ■ 
o p t i c a l :a c t i v i t y  r e t a i n e d , i n  b o th  isomers was s u b s t a n t i a l  
and the degree o f  r e t e n t i o n  o f  o p t i c a l  a c t i v i t y  in  any one- 
change must, t h e r e f o r e  have been v e ry  high*
o
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{ I t}  . f a r  no hors  o f  e th y lp ro p e n y lc a rM n o l  and some of i t s  
de r iva t ive©  and a l l i e d  compounds.
th e  m olecular. volume of  a  Substance when measured 
in  s ta n d a rd  eireurnstanoee i s  .an a d d i t i v e  fun ction  o f . the 
components of the m olecule including-any- s t r a i n s  caused : 
by the s t r u c tu re *  ■ O r i g i n a l l y . a t t e m p t s  were mad# to  adopts  
s ta n d a rd  c o n d i t i o n s  for  - Comparison o f ' d a t a  by taking-,, 
m o lecu la r  volumes a t .  c o n s t a n t  tem pera tu re  o r  a t  t h e . b o i l i n g  
p o i n t  or e v e n , a t  the c r i t i c a l  tem pera ture  of  the, s u h a fa n e a ,  
h u t  a p a r t  from the  p r a c t i c a l  d i f f i c u l t i e s !  such methods 
made no a l lowance f o r  the e f f e c t  m  the m o le cu la r  volumes 
.of the f o r c e s  due to  m o lecu la r  a t t r a c t io n s * ,  These . f o rc e s  
a r e  c l o s e l y  r e l a t e d  .to su r fa c e  t e n s io n  and Sug&em hy 
a p p l i c a t i o n  of  H ac leed*n r e l a t i o n  hetween s u r fa c e  t e n s io n  
and d e n s i ty  o b ta in ed  a  method;.for comparison o f  m o lecu la r  
volumes a t  what may he' termed u n i t  s u r fa c e  tension* . 
Determination of  the  r e s u l t i n g . m o l e c u l a r  c o n s t a n t  o r  
wp a ra c h o r ,f i s  independent  o f  tem pera tu re  as  long : as  the 
substance.  i s  l i q u i d  and t h i s  c o n s t a n t  . i s  the sum of. t h e . 
i n d i v i d u a l  atomic p a r a c h o rs  w ith  c o r r e c t i o n s  f o r  s t r u c t u r a l  
■detail© such as u n sa tu ra t io n *  r i n g s  and co-ord in ate  l inkages*  
Sug&enVe simple method-of d is t r ib u t in g  the p a r s e  her  
e q u iv a le n t s  amongst elements  and s t r u c t u r a l  f e a t u r e s  
[*%m .parachor and Valency** p*S8) has been m o d if ied  by ,
a  scheme worked,out by Mumfbrd and {J*W*0*). I h i l l i p s  (j*G»S*t 
.19291211$) which: in v o lv e s  c o r r e c t i o n s  f o r  ..branching chain© 
and groups w i th  c o n t r a c t i v e  in f luences*  In  the p r e s e n t  
work p a r a e h e r  measurements were used to -p ro v id e  evidence 
' t h a t  a l l y l i e : a le  ©hole, tend . to form r i n g  ©true t o r e s  and thus 
to  j u s t i f y  a mechanism, to - ex p la in  the  m u ta r e t a t i o n  o f ;
' e t h y lp ro p e n y lo a rb in o l  on e s t a b l i s h e d  p r i n c i p l e s * , ( i n g c l d . - 
and Wilsont %I1933#149S)*
: E a r ly  experim ents  i n  tau tom eric  : systems l e d  Xngold ,= 
and-Wilson- { l o c * c i f * ) :-. t o  p o s t u l a t e  t h a t  when an io n  , - 
moves from-one asymmetric c t n t r e  to  a n o t h e r  p o s s i b l e  . 
asymmetric c e n t r e  the p ro d u c t  i s .racem ised  a n d . th a t  the 
m ig ra t io n  i s  i n  i t s e l f  a r&eemising e f f e c t * .  They used 
the' m u tu a l ly  i n t e r c o n v e r t i b l e  aao-methineei *>.
>? h ’ - H e " ' ’ '-
[ h] ,  K ! G ..... ■* V s S . C . j K ]
c6h4gi r.v o6a4c i
■fhis was a  conven ien t  p ro t© trop ic -  system and .the f i r s t  isomer 
in  an o p t i c a l l y  .ac t ive  form' was a l lowed to  isomer is® in  
a lcoho lic -  s o l u t i o n  w i th  sodium ■ .e thoxide a s  the  c a t a l y s t*
■ The: second isomer# phenylmethylmethylenephenyl.  p~ch lo r~  ■.. 
.phenylas©'methine was o b ta in ed  i n a c t i v e  while  the  unchanged 
p h en y l  ^ch lo rp h en y lm e th y len em e th y lp h en y la so  m eth ine  was 
recove red  a lm ost  o p t i c a l ly -p u r e *  : They dec ided  t h a t  some
i£ey:s«oh as  a - r i n g  s t r u c t u r e " i s  n ec e ssa ry  to a l low  the trans* 
mission-''of asymmetry to-'a .new'centre generated "by such a  • 
.m igrat ion* -: : • :
: The wort --of Kenyon* Cartridge and" P h i l l ip s  m  'the' 
conversion, o f  - (X^phenyl^-y^methylaliyl a lc o h o l  d e r iv a t iv e s  
in to  the- corresponding d e r iv a t iv e s -o f  : ylphenyl*C<*mctbyl~ 
e l l y l . a lcohol:  ( 11937*807) - has confirmed', th a t  a c y c l ic
.mechanism i s  req u ired 'to -accou n t fo r  r e te n t io n 'o f  asymmetry* 
fhey h ave'p ostu la ted  a c y c l i c  configuration' in  the anion* 
e tre p ia . system p r io r  to  anion m igration  and a tendency to 
■the .-probable formation o f  c y c l i c  b o d ie s . in  t h i s  type o f  
■compound has p rev iou sly -h e  eh 'suggested  by H il ls , '  Kenyon 
and P h i l l ip s *  . ( j«C»@4jl93$,&76)* ; This view r e c e iv e s  " 
'Confirmation by parachor evidence " obtained/ in t h i s  work*
.; H i l l s ,  Kenyon and P h i l l i p s  and Kenyon, P a r t r i d g e  and . 
P h i l l i p s  ( lo o .  cit«:J h a v e - re p o r te d  low v a lu e s  f  or  ■ the - 
parachors- o f  cx y ^dimethyla l l y !  alcohol*, cx ^phenyl*- *methyl* 
a l l y !  a l c o h o l  and cx *methyl* y ^p heny la l ly l  alcohol, as- 
suppor t  o f  a c y c l i c " s t ru c tu re - in  t h e s e  com pounds*Some - •>• 
v a r i a t i o n  i n  th e  p&raefier o f  ex. y  *dime'thyi&Ilyi a lc o h o l '  '■ 
app a re n t ly ;  depending up on'-: the method o f  p r e p a r a t i o n  has - 
been recorded* . An i n v e s t i g a t i o n  o f . the parachor' o f  e th y l*  
p ro p e n y ie a rM n o l  and soma o f  i t s  d e r i v a t i v e s  and a l l i e d  
compounds h a s . t h e r e f o r e  been made* . ^ p a r t i c u l a r  a t ten t ion /-  ■ 
be ing  pa id ,  to  the q u e s t io n  whether p a r s e h o r  anomalies  a r e
'-due -to- a s s o c ia t io n *
0&re was taken "to ensure- a high- degree o f  p u r ity  o f  
the  compounds on which measurements were made a s  i t  was 
found t h a t  a l l 'the' nnsaturated a l c o h o l s  which were . t e s t e d ,  
with the. ex cep t io n  o f ”a l l y l  a l c o h o l ,  " rapid ly  became ac id  
to m o i s t  l i tm u s  on k e e p in g ,. even, in  a c lo se d  vessel*"- 
Therefor© as  f a r , a s  p o s s i b l e  measurements were taken on 
f r e s h l y  p re p a re d  and in any case  f r e s h l y  - d i s t i l l e d  specimens* 
As l a r g e  a tem pera tu re  range, as  p o s s i b l e  was used and in  
every  case  par&chors- a t  15°C -and 40°0 were u l t i m a t e l y  
e v a lu a ted .  The s u r fa c e  t e n s io n  and d e n s i ty  v a lu e s  a t  th ese  
tem pera tu res  were obtained "by p l o t t i n g  the. observed d a t a  
and drawing smooth curves*. The cu rv e s  were s e n s ib ly  s t r a i g h t  
l i n e s  over the  range  chosen and th is  range en ab led .yar ia -  
.tlens* due to  a s s o c i a t i o n  to be detected.-*. I n  t h i s  l a t t e r  
co n n ec t io n  the  p a ra c h o r  of a  s a t u r a t e d  a lco h o l  of about 
the same b o i l i n g  p o i n t  and molecular weight as  those - under 
review was measured to. o b ta in  an I n d ic a t i o n  o f  the e f f e c t  
o f . a s s o c i a t i o n  on the r e s u l t s *  /n~Amyl a lcohol was chosen- 
and. I t s  p a r  etc her  was found to be 241*2 u n i t s  a t  15 °G and 
£43*4 u n i t s  a t  40° C /' B oth 'de te rm ined  v a lu e s  a r e  below 
the c a l c u l a t e d  249*3 us ing  Sugden*s atomic c o n s ta n t s  and 
245*4 us ing  Mumford and P h i l l ip s*  cons tan ts*  This .low 
p a ra o h e r  va lue  •' i s  exp la ined  on-.-the,basis '; t h a t  an in c re a s e  
In the  covalency o f  the hydroxyl 'hydrogen r e s u l t i n g  from
za s s o c i a t i o n  ca u ses  a d ec rease  in  p&rachor* and the tendency 
■ t© -increase to w a rd s ' th e  c a l c u l a t e d  va lue  w i t h . r i s e  in  
tem pera tu re  i s  due to  the  a n t i c i p a t e d  dec rease  in  
a sso c ia t io n  on heating*'; The observed range o f  1*2 u n i t s  
over 2 5 0 temperature range i s  o f  the same o rd e r  a s  t h a t  
■ reco rd ed  f o r  o t h e r  simple s a t u r a t e d  alcohols*" ';  (Sugdsn*
#-*C*S*,1924,126»52}*' '■■ *  ^ wywo WWf f
; .. In  fa b le  (1 ) - the paradhere of  methyl and e th y l  a lco h o ls
..a t  1 5 °0 and 40°C have been obtained by p lo t t in g  Sugden*e 
: observed v a lu es  a t  the other temperatures* ■
■ f a b le  (I).* S a tu r a t e d  Alcohols*
EARACHOft [iQ «fS*
Methvl a lco h o l  B thv l  a l c o h o l  •a lc o h o l
Tempt °C (K.Wt. 32) (K .¥t. 46} . (M.Wt. 88}
. 0 ' » 128.4 -
0  15 8 8 ,2  126,8 241,2
6  ' '
. 2 0 . . , . .  8 8 .3  128 .0
40 8 8 ,7  127,5 • 242.4
70 8 9 .3  » -
80 *»■ 128*8 **
[p lC alc(S u gden ) 93,2
QPl^o--&!,*-> 0*5
132.2
0 .7
249.2
1.2
The:d if fe r e n c e s  d u e ' t o  decrease i n  a s s o c i a t i o n  for
o o
the range • .15 C to 40 0 are approximately • in ' the r a t i o  of  
the  m olecular'w eights o f  the  r e sp ec t iv e  a lc o h o ls ’and
in d ica te  t h a t  over  t h i s ’’range " th e '-e ffec t 'on 'th e  f u n c t io n  
. h,  ^
^ /  S- i s  f a i r l y • constants
; 'The d a ta  o b ta in ed  f o r  t h e ' u n s a tu ra te d  a l c o h o l s  
examined ( Table( I I } ) 'shows no s u c h " r e g u la r i ty '  and the  " 
d if fe r e n c e s  "are much smaller*-
Table:- ’ { j i )  * " tin sa turated ' Alcohols,.
MoX.Wt,.
A A l ly l  a l c o h o l , m
B . .Eethylpropenylcarbinol. , 86
C , ith y lp ropen y loarh in o l. ■< ..,.'100
D Hethyl**y3 ••m ethylally lcarbino% .
Temp*0 0
. fARAOBDR [I 
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Of  5 *• '
£ s  >
iC' a. 16 , . . .  165* 9 ' , 230.2 267,2 ; 268.4
. 154*2; 230,4 .. . 267.5 268 ,6
\ f \  Calc* (Sugden) 160 238,2 277.2 277,2
&Ao’ -  & V 0 ,3 , , 0 .2 0 .3 0 ,2
| |  i s  Bern' th a t  w ith in  experim ental error, the 
paraehor does 'not  vary w i th tem pera tu re  over the range need 
fo r  the uns&turated alcohols examined and' thus the low 
paraehor 'va lue" is  not caused by' a ssoc ia t ion . '  However as 
the p&raehors of aome nhsaturatod e s te r s  are 'normal i t  
fo l lo w s . th a t  there  most be som ething'unusual.in  the s t ruc tu re  
of the  ‘ hydroxyl.. group to account fo r  th e  low va lu es-g iv e n  
by; the alcohols,  '
" ' ' ' t h e  degree o f  p u r i t y  of the  s u b s t a n c e ’was found to  
h a v e ' a l a r g e "e f f e c t  on;.the p a r a e h o r * ', B th y lp ro p e n y lc a rb in o l  
f resh ly"  p rep a red  (one day o ld)  from the hydrogen p h th a l io  
e s t e r  had' a  p a rao h o r  o f  267*2 a t  1 5 °C and 267.5  a t  40° S ’- 
and these -V alues  a r e  lower than the  c a l c u l a t e d  277*2 
(gugden) and 273*6 (Mumford and P h i l l i p s ) *  When 2-| months 
old  the  v a lu e s  were 267*1 a t  1 5 °0 and 267*2.a t  4O°0.
1 thy Ip rop enyle a r b in o l  p rep  a red  from t h e ' 0-rignard c omplex
■ °and s t o r e d  2 f  months had a  p a ra e h o r  a t  15 0 o f  264*6 and
a t  40 °CT o f  265.3  u n i t s .  - This  spedimen when r e d i s t i l l e d  
g a v e 'v a lu e s  of  260.7  a t  15°G and 266*2 a t  40°0* The- f i r s t  
f r a c t i o n  obtained. by d i s t i l l a t i o n  was very  wet and i t  
appears  t h a t  the p re se n ce  of  w a te r  causes '  a marked d ec rease  
in  p a rae h o r !  and p o s s i b ly  causes  s l i g h t  a s s o c ia t io n *  This 
i s  in  agreement w i th  the a s s o c i a t i o n  e x h i b i t e d  by w a te r .
.Similar r e s u l t s  were o b ta in ed  w i th  m e th y ip ro p en y lc a rb in o l
A■ specimen of  th e  -1*a lco h o l  t h a t  had s to o d - s ix  months, and
had become: a c id  to  m o i s t . l i tm us ,  had a  p a rach o r  of  228.8 ■ :
' a t  IS; & and 229*© a t  40*0*,,  Af to r .  p u r i f y i n g  by washing■....
.w i th  a l k a l i ,  d ry ing  and r e d i s t l l X a i i s m  t h e  paf&ehor o f  t h i s  
■specimen was ■ 230.2  a t  IS °0 and 230* 4, a t  4 0 °C« A. specimen 
of  the., sam e,a lcoho l  f r e s h l y  p rep a red  b y ,h y d r o ly s i s  o f  i ts .-  ■ 
c h l o r id e  w i th  w a te r  and ca lc ium  .ca rb o n a te  had a  p a rac h o r  
' a t , I S ° 0  o f  230*4' and .at.-4G°C. o f  230.5 u n i t s . -  Thus-again  
though no a s s o c i a t i o n  i s  i n d i c a t e d  al l , '  these ;  v a l u e s . are  
much lower... than  . t h e  c a l c u l a t e d  238*2, (Sugdeo) and 233.6 
( I to ford /a-nd  f  h i l l i p s ) * . ' H i l l s ,  : Kenyon:, and . P h i l l i p s  (1*0*8*,
■ • . f . .
1936,576), have r e p o r t e d  a rang# . ©f v a lu e s  226.0 . to  233*©; '■ 
f o r ; t h i s . a l c o h o l * . „,fhe. v a r i a t i o n  in  parachor.  appeared '- tog' ; 
d tp e n d ,u p o n ; th e ’method of  p r e p a ra t io n ,  and ev en ;w i th  .the 
. n a tu re  o f  : the : ag e n t  used for,: the  hydro lys is ,  of the  hydrogen 
p h t h a l i c  - e s te r* '  '■ fhe ,  f a c t  t h a t ,  a s ,  in.' the case  - of e thy l#  
;p ropeny lcarM nol#  one . o f  ; the  :low es t  y a lu e s  g iven  by a 
■ specimen o b t a i n e d - d i r e c t l y  from the. 8rign&rd■■reaction and. 
which was.-probably -one o f  the  l e a s t ,  p u r e ; specimens makes 
the  - . .var ia t ion : i n  par&cher appear  to.,he a' fu n c t io n ,  o f : the  . 
d e g r e e .o f  - p u r i t y : and no t  an i n d i c a t i o n  ■ of  . .var iab le ;  s t r u c tu re *  
;f h e ’■■'very:, c lo s e  agreement be tween the r e s u l t s  o b ta in ed  in  
t h i s  work on  p u r i f i e d ;  specimens o f  metfeylprepenyle&rbinoX 
p r e p a r e d b y - h y d r o l y s i s  o f ; the  hydrogen p h t h a l i c  - .ester and
of the chloride i s  noteworthy in th is 'resp ect,an t these 
figures agree a lso'w ith  th e'rallies 230*5 and §50#4'reported 
by these a u th o rs ' fo r  the respective parachore of specimens ■ 
o f .methylpropenylearbinol prepared by acid and’alkaline- 
hydrolysis of the. hydrogen phth&lie ester* " fhe high v a lu e -  
recorded was obtained with a oarbinol prepared .by:th e ■hydroly*- 
s i s  of the 'hydrogen p h th a lic  ester  with-aqueous sodium ' - 
carbonate’and sodium'acetate* '
' The parent' a l ly !  alcohol.' has a g re a t• a f f i n i t y ’- for 
water t ie  .last traces of which are .-d ifficu lt to remove/ '
One specimen was dried f i r s t ’ with anhydrous copper■sulphate 
and then with potassium' carbonate and' fraction ally  d is t i l l e d ,  
b.p* 96 to'96*?°C at 760mm* I ts  parachor was 104*1 at 15 0 " 
and 154*5 at 40°0f: An entire ly  d is t in c t  specimen when •
dried only with potassium carbonate and■fraction a lly  die* 
t il led *  b.p* 90 t© 9§*2°0 at'760mm* had & parachor 153.9 
at 1S°0 and 154*2 at 40°0, ' Thus there i s  very l i t t l e  as soda*  
tion i n  a l ly l  alcohol while the observed values are lower , 
than 'the''calculated ISO*2 (Sngdenj and close to th e’- 
calculated 153*0 (Mumford and Phillips}* S ills*  'Kenyon and 
P h ill ip s  | lo c * c it* )  ..report a value of 159.0 for a l ly !  
alcohol n o t ’specially'dried*'
I t  is' m e n  that the parachor data'published by these ■ 
authors i s  contradicted on' two’points - in this-work and-in 
each case the e f f e c t  i s  to simplify" the .situation* ' The
26.
c o n s t a n t  uow 'O b ta in ed , fo r  the p&raehcr of  methyl*
. p repeny le& rh ino l  '.removes •■ the  n e c e s s i t y  to  assume t h a t  th i s - ,  
subs tance  c o n s i s t s  o f v a r y i n g  . amounts o f  h y p o t h e t i c a l '  isomers# 
■Also as  a l l y !  a lcoho l*  - l ike  'methyl* .-.and e t h y lp ro p e n y lc a rb in o la  
i s  shown to  have -a  low par&ehor t h e ■s u b s t i t u t e d  a l l y l  a l c o h o ls  
■are s i m i l a r  to th e  p a r e n t  a lc o h o l  in  t h i s  respect.* The 
p r e v io u s ly  .- reported 'normal v a lu e  f o r  a l l y l  a l c o h o l  was used  
^  . .a s -ev idence  t h a t  th e re  was no a s s o c i a t i o n  w i th  a l l y l i o
.a lc o h o ls  a n d -a l th o u g h ' . th i s  evidence was . f a u l ty  .the c o n c lu s io n .
■ based th e re o n  w a s 'c o r r e c t*  as  the p r e s e n t ' e x p e r im e n t s  on ' ■■■- 
' ..the v a r i a t i o n  o f  paraehor .  w i th  tem pera ture  have shown*..
' M e th y l* /5 ~ m e th y la l ly lc a rb in o l  ( f r e s h l y  d i s t i l l e d -
o n°
.b*p,»43. 0 a t  18m*#. ■: 1*429?)'■ which, is , . i som er ic  w i th  e th y l*
; p r o p e n y lo a rb in o l  was also-: found to . have a low p a ra e h o r  bu t  
one-' u n i t ' h ig h e r  th a n  t h a t  -of e thy lp ropenylcarb ino l* .  The
o O
v a lu es  were 268*4 a t  15 0 . and 268 .6  a t  40 C.
A  ■ ■ The p a r a e h o r s  o f  . two.. e s t e r s  o f . e t h y l p r o p e n y l c a r b i n o l
w ere d e te rm in e d *  The . acetate-': gave V a lu e s  o f  363*1 a t  15 C 
and  361*5 a t  46 °0* .'.'.-The c a l c u l a t e d - f i g u r e s  a r e ■ 361*O'-:- 
. (Sugden) and  3 6 1 * 2 (Eum ford a n d :P h i l l i p s } * - The benzoate 
■ ..." g a v e  v a l u e s . of- .490*2 'at- X§°0  and 490*5 .a t  4 0 °C*; ■ The- ■
' ' " c a lc u la te d ,  f i g u r e s  , a r t  494* 9 {Sugden) a M  495*8 • (llumford 
- a n d ; P h i l l i p s ) *. A specimen o f  a l l y l  a c e t a t e  a l s o ■ was ‘ 7 
p re p a re d  and the; p a ra e h o r  was fou n d -■ to  be 245*1" a t  15°C-  ^ -
and, 246*3 a t  4Q°0* . The c a l c u l a t e d  v a lu e s  a r e  244*0
Z7.
(Sugggn);-.and .:244*2 :.{Mumf©rd'-&nd P h i l l i p  $)* y',
1© :& ttem pt . i s  made in  Sugdeh* o atomic" p a r& c h o r 'c o n s ta n t s  
. to / 'a l lo w ' ' fo r  any -abnormal ■ s t r a i n , f a c t o r s ,  and t h u s  the  d i f f *  ” c 
. e r e n c r  between the  eb e e r re d  ' f i g u r e s  and" the  c a l c u l a t e d '
,: p&rachers aging Sagden*s method of d i s t r i h a t i e n  wtXX, 1 
. prebahl^ g iTe 'a  measure ■ of :the ’ e x te n t /# f  ahnomaXit^ ,in: ''
' ' s t r u c t u r e ,  p a r t i c u l a r i t y  a s  the  compounds. i n v e s t i g a t e d  were- 
^  a l l i e d *  / The system of llumford and P h i l l i p s  ..on the o th e r  hand
' does to  som e-ex tan t  allow, f o r .  d i s c re p a n c ie s /o b se rv e d '  i n  " 
v a r i o u s ' c l a s s e s  o f  eompouhds and. I t  appea rs  t h a t - t h e  eonolu**
■'c / . s i o n r  to  he deduced from' the: m g & r te  s in. the  ' p a r t i c u l a r
ease  o f  a l l y l l c  d e r i v a t i v e s - m i g h t  welt , .be masked by the - 
a p p l i c a t i o n  o f  . t h e s e  a l r e a d y  p a r t ia l ly . -  a d j u s t e d  cons tan ts -*- ' /
The paraehor. Of. cx:»etiiyl* y*m@th^lalljX a lco h o l :' i s .  26?*3' ' : 
which is- 9*9' u n i ts  le s s  than, the: ca lcu la ted  277*2* ; The 
par&chor: o f-Y ~4i*m ethy l& U yl-a lcoho l.--Is  2,30*4 or 7 ,8  
0 ^ ■ ' u n i t s  l e s s  than, the.’ olleuX&ted  238*2: while■ the parachor ■
■ o f ; . a l l y l  a lcohol/  i s - 154*2 or: 6*0 u n i t s , l e s s  than '  the ■- 
c a l c u l a t e d  160*2* , / fhus  the  low er  the. m o lecu la r  weight i n  
t h i s ;s e r ie s*  the  l e s s : t h e  d i f fe rence" .be tw een- the  c a l c u l a t e d  
and observed- f ig u re s*  ’ : the  ■ average- va lue  f o r  m e t h y l ^ *  - '- 
- m e t h y l a l l y l c a r b i n o l  ..!«• 268,-0 o r .8*7 u n i t s  l e s s  than  the 
c a l c u l a t e d  .277#2*- /The anomaly- here  i s  1*2 u n i t s  l e s s  than  
. ’ . the anomaly . . fo r : the  "isomeric ■otfeylpropenylearbinol^ : (oC*-® th y l -  
y w a e t h y l a l t y l  alcohol}*- : d:
' -■ i f  fo r  the 'm ethyl and' e thylpropenyloarhinols - the true  
cyc lic  s tru c tu re  with "a four membered.ring  postu la ted  by 
Sills*-itsnyon and '.F h illip i ■ { lo o * o it* J 'is  examined , ■
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■the ca lcu la ted  par&ohor is ' le s s  than th a t  o f ' the normal 
unss tu ra ted  formula by ,11*6 u n its  and thus suggests th a t  
the observed- f ig u re s  in d ica te  ah equilibrium  between the 
two configurations# ■ However these authors r e c o rd •th a t  
o p t ic a l ly  pure -dy- cxy*di*meihylal3.yl -.alcohol -on. reduction 
y ie ld s  optically- pure. methyl-n*propyXearbincl and. they p o in t  
■'-out^  t h a t  th i s  cannot he reconciled  with- the, symmetry of the 
cyc lic  s tru c tu re  fo r  th is  uhs&iur&ted a lcohol# .;
:A H ow ever i t  i s  ne t necessary to p o s tu la te  .a. purely, 
'covalent cyc lic ' s t ru c tu re ;  to account fo r  the-anomalies in  
'a l ly l ic  derivatives#  The d iffe rence  between the ca lcu la ted  
p&paeher fo r  the double.bond s t ru c tu re .a n d . th a t  fo r  .the 
four membered-ring arises-from  th e d if fe re n c e .  In molecular 
-volume'which In  t u r n :i s  due - t o - r e le a s e :of s tra in#  A s t ru c tu re  
tending "towards the true ■ four membered ■ ring  n eeessa r i ly  has 
V p a ra e h e r  ly ing  - be tween -those ■ of the- two extremes# I t  
i s  noteworthy th a t  e thylpropenylcarbinyl acetate- and a l l y l  
ace ta te  have normal par&ohortf while ethylpropenylearblnyl
bensoate  has a  p a ra e b o r  which' i s  lower- than the c a l c u l a t e d  
Value-by a  g r e a t e r  amount than- expe r im en ta l  e r r o r  permits* '  
S im i la r  o b s e rv a t io n s  'have been made on me thy 'Xp r  op any X- " 
c a r b i n e !  by H i l l s  * Kenyon:and P h i l l i p  e ( loo  * c i t *)*
th e  e x p la n a t io n  new sugges ted  t o r  the low p a rac h o rs  
of  the a l c o h o l s  I s  g iven  by the formulas'-- ■
E
•In th is  system'the inductive e f fe c t  of the c<-substituent 
has some/influence on the a b i l i ty  of the' hydroxy!' oxygen ■ 
to form a dative bond with the./y-carbon atom* In the 
section dealing with the sautaroiatien. of eihylpropenyl* ' 
carbine! and the consequent formation of methylbutenyl-' 
c-arbinoX evidence' lrprovided  in favour of the above 
formula*- I t  is-on ly  necessary to postulate a tautomeric' 
displacement of charge by moans of the- double bond to 
allow migration of -the'hydroxyl anion to the y-carbon  
atom* This system provides an e s s e n t ia l■IocEiag e f fe c t  
to explain the' transfer of asymmetry from the c x  -carbon 
atom to the y  -carbon atom in th is  process*
In the case of the esters*  in which an oxygen atom
I s  l in k e d  fee tween, two carbon  atoms one would n o t  expect 
th is  oxygen to tend to a t ts e h  i t s e l f  to the y  -carbon atom.
In such c o n d i t io n s* 'w h ic h  resemble . those of  an e ther l in k a g e ,
■ /
the oxygen.ig more inert,,..'; f  he doubly l i n k e d  oxygen of the  
.carbonyl, group . should fee s u i t a b l y  s i t u a t e d  f o r  such a 
■purpose aw It-could." take p a r t  in .  forming the  s t a b l e  six** 
..memfeered r i n g  fey . so., doing a n d . i t s  e lec tro n ic  make-up enab les  
i t -  to  ■..act as  a .donor 'Of  e l e c t r o n s * . H o w e t e r  t h e .c i r c u i t  
would not..fee completed.owing ;to th e - in e r tn e s s  o f  the 
'p rev iously  .mentioned - ether.;  type - o f  - l inkage and thus,...though 
■. the-.tendency, t©\£erm-:& cy c lic ;  .structure .must ..fee r ecogn ised  
i t  does .not. appear ..to. c o n s t i tu te  - a permanent disp lacem en t  
: as :  in  .-the case  of. the a lcohols*  I t  i s  l i k e l y  t h a t  the 
pow erfu l  in d u e f iv e  e f f e c t  o f  the phenyl nuc leus  in  the 
benzoate  can to  a  c e r ta in -e x te n t  a s s i s t  some type o f  co­
o r d in a te  l in k a g e  between the ca rbony l  oxygen atom and the 
-carbon atom fey s l i g h t  permanent displacement of  the 
cha rges  a c ro s s  the double bond, T h is  i s  i n  agreement w i th  
the  low p&raeher v a lu e s  reco rded  f o r  the ben zo a te s  of 
ethylpropenylcarfeinol and methyipropehylcarfeihol*
The. tendency to  form a stx*me»fe@red r i n g  s t r u c t u r e  i n  
the s u b s t i t u t e d  a l l y l  e s t e r s  would f u r n i s h  a s im p le '  
ex p la n a t io n .© f  the  f a c i l e  i  some r.i c a t io n  observed in  such 
c a s e s  a s  (X^phenyl* ^ * m e t h y l a l l y l  hydrogen p h t h a l a t e  
(Kenyon,  p a r t r i d g e  and P h i l l i p s *  J . 0 ,1937#£07}wherein
3/.
ffty'
a  ■ large- p r o p o r t i o n  of asymmetry ■ i e  t ran sm itte d ; to  the : ’
^  ^Carbon atom* Although th e se -w o rk e rs 'h av e  sugges ted  a-- 
t en d en cy : to  ■ form ■ a- , f 0ux*memhered: r i n g  invo lv ing  the ©.3ygeh 
■atom: o r i g i n a l l y : -contained in' the - hydrnayl- group o f : the 
a l c o h o l * i t  would appear  more f e a s i b l e ■to -a s s u m e ■t h a t  the - 
ca rbony l  OiKygen should  ' p a r t i c i p a t e  ■ i n  ‘the ' ieo m er is& t len * - 1 
This doubly ,- l inked-carbonyl  ■ oagr gen atom "is  the- more: l i k e l y  
to c o - o r d in a t e  - owing t©.; i t s  known-tendency to  ‘'decrease - i t s  
eovalency w i th  the  carbon - atom to- which i t  i s  a t tached*
The ..-/re s u i t : would ; involve, a, slx-membered r i n g  which" on a- 
grounds ©f s t a b i l i t y ■i s  more l i k e l y - t o  be formed than- the ■ 
f  our^membered . r ing  w h i l e . the  ultimate^ preduo t  would - be the 
same : i n  .each  case..  v a . i —
r \
( i l l )  1 thy Ip rep e ny 1c a fb lny  1 c h i  or. 1 &e , -
• I t  has been-shown by-Ingold and Burton th a t ’ 
an ienotropic i&uiomarisffl i s  .frequently-very marked in  
©hi© r id es  when compared with the paren t -alcohol s* the ' 
c h lo r id e ;io n .as a ■s tro n g ly :e le c tro  negative anion enhancing■ 
th is  tendency-;by leaving a :meeomerie earbo&iua katieru  
Sthylpr ©penylcarMnyl ch loride  was e a s i ly  hydrolysed-to the"-' 
© arbinolwhich was-found to b e -& mixture and separation  ' 
o f  der iv a tiv es  of - the ■ component alcohols 'was - achieved by 
f r a c t io n a l  c ry s ta l l i s a t io n *
’ Bihylpropenylcarbinyl ’ c h l o r id e  was- p re p a re d  from ’ 
the. alcohol .by .the- a c t io n  o f  th io n y l  chloride- in  the p rese n ce  
o f  q u i n o l i n e *1 i t  was - o b ta in e d - In  a f a i r  s t a t e  - of  p u r i t y  ■ 
and cou ld  b e -d is t i l le d -ap p a ren tly 'u n ch a n g ed 'a t  p r e s s u r e s '  
u p ; to h a l f  an atmosphere*": There was © l i g h t 'decomposit ion 
w ith  e v o lu t io n  o f  hydrogen c h lo r id e  when d i s t i l l e d  a t  
normal p re ssu re*  - The ch lo ride  -had a-; ve ry  © ligh t  pungent  
smell  b u t  a f t e r  s ta n d in g  & few days i t  fumed and-sm el t  
s t r o n g ly  o f ; hydrogen ch lo r id e *  S t  r e a c t e d  slowly w i th  
w a te r  a t  room temperature* the-hydrochloric  a c i d  l i b e r a t e d  
by,-the. r e a c t i o n  being, n e u t r a l i s e d  by - the- a d d i t i o n  o f  
ca lc ium  carbona te*  -  i t '  w as .n o t  a s ' ' r e a c t i v e  a s  mcthylpropenyl* 
e a rM n y l  c h l o r id e  i n  t h i s  r e s p e c t  ( H i l l s ,  Kenyon and P h i l l i p s ,  
d*0*S**1936*683*) bu t  more so than  propylpropenylcarbinyl
c h l o r i d e  (Arcus and Kenyon* loo*.Git»)* Once, the r e a c t i o n  
s t a r t e d  I t  p roceeded  f a i r l y  rapidly*... There appeared  to  be . 
a  p e r io d  of induction due-probably to  the n e c e s s i t y  to  hare 
some a l c o h o l  p r e s e n t  f o r  r a p i d  h y d r o ly s i s  to  a c t  as, a  
c a r r i e r  by. i t s  p ro p e r ty ,  as  a-, solvent f o r  b o th  r e a c t a n t s , . .
The r e s u l t i n g  alcohol,  was recove red ,  d r i e d  and d i s t i l l e d *  
Attempts, to  p r e p a re  a c r y s t a l l i n e  hydrogen p h th a la te  of 
t h i s  a l c o h o l  were n o t  s u c c e s s fu l  a s  when l e f t  to  c r y s t a l l i s e  
th e r e  appeared  to  be slow .decomposition w ith  l i b e r a t i o n  of 
p h t h a l i c  acid* ... G en e ra l ly  the  a lco h o l  behaved as  .a 
.mixture., .
.The experim ent was r e p e a te d  with, o p t ic a l ly  i n a c t i v e  
m a t e r i a l  a n d . th e  f i n a l  m ix tu re  o f  a l c o h o l s  was conver ted  
.to , the pyxeny l  u r e th a n e ,  A s o l i d  p ro d u c t  was obtained, which 
was then  f r a c t io n a l ly  c r y s t a l l i s e d  from e t h e r  and pe t ro leum  
e t h e r  u s in g  a scheme s i m i l a r , t o  t h a t  employed.in the 
r e s o l u t i o n  of  a raoemio m i x t u r e 'o f  o p t i c a l l y  a c t i v e  isom ers ,  
U l t im a te ly  two d i s t i n c t  crops, o f  c r y s t a l s  were o b ta ined  
each by. the i n d i c a t i o n  o f  the sharpness  o f  i t s  m e l t in g  ; 
p o i n t  b e in g  a  p u re  substance , . .  The p ro d u c t  w i th  the h ig h e r  
m e l t in g  p o i n t  was- i d e n t i c a l  w ith  -the py-xenyl u re thane  ,. 
p r e p a re d  f r m  p u re  e th y lp ro p en y lca rb in o l* .  The second., 
p ro d u c t  had a  lower m e l t in g  p o i n t  b u t  a n a l y s i s  in d ic a t e d  
t h a t  the-two. had- i d e n t i c a l  com posit ion  and appeared  thus  to
be isomers*'-
I n  v iew -of  the  d i f f i c u l t y  in  p r e p a r a t i o n  o f  the isomeric  
c* ~me thy 1* thyl&XXyl ‘ a lco h o l  (m ethylbutenylc& rbinol)  and
i t s  p^xenyl u re thane  w i th ’ w h ich ;to' compare the 'second 
p ro d u c t  I t  was thought  w is e - to  reduce the 'm ixture of  unsat* 
ur&ted hexenols - t o t h e  co r respond ing  hexanols  and aga in  to  
a t t e s t t ‘s e p a r a t i o n  as  the 'hexanols and ' th e ir"d e r iv a tiv es  
a r e ' f a i r l y ’re ad ily  prepared* " f r a c t i o n a l  d i s t i l l a t i o n  of 
the mixture ' of hexanola  was tried* ’ though'-it was n o t  
- s a t i s f a c t o r y , "  ■ as the  b o i l i n g  p o i n t  range was too  small  fo r" '  
complete s e p a r a t i o n # the extreme f r a c t i o n s  gave p^xeny l  
u re th a n e s  o f  very  " d i f f e r e n t  m e l t in g  points*- 
' :;:" :fhe  m ix ture  :o f . hexemols was co n v e r ted  to  the m ix ture  
o f  h y d ro g e n 'p h th a l ic  e s t e r s  and t h i s  was sub jec ted '  to a v  
"carefu l  f r a c t i o n a l '  ep y a ta l l i s & t io n *  ' U l t im a te ly  two d i s t i n c t  
c rops  o f  c r y s t a l s  were ob ta ined  again, each by - the  i n d i c a t i o n  
of the sharpness  o f  i t s  m e l t in g  p o i n t  being  a  p u re  substance* 
Ihe "equivalen ts  were" de te rm ined  by t i t r a t i o n  w i th  sodium 
hydroxide and' each 'co r re sp o n d ed  w i th  the hydrogen p h t h a l i c  
e s t e r  o f  &' hexanol* the  hydrogen p h t h a l i c ' e s t e r s  of  ' 
e t h y lp ro p y l c a r b in o l  'and methyl n*b.uty 1#a r b in o l  were p rep a re d  
and found'-to "have m e l t in g  p o i n t s  s i m i l a r  " to / these  o f  the two- 
p ro d u c t s  "of s e p a r a t i o n  o f  the mixture-#" the '  d e t e r m in a t io n  of 
mixed m e l t in g  p o in t s 'c o n f i rm e d  t h e i r  id e n t i ty *
• Thus the m ix tu re  of  hexancl© was ethy lprcpy lcarb ino l
and m e th y lb u ty lc a rb in o l  so th a t  the  m ix tu re  r e s u l t i n g  from 
the decomposit ion of <x ♦©t h y l ^ - m e t h y l a l l y l  c h lo r id e  by 
w ate r  c o n s i s t e d  o f  e thy lp repeny le& rM nol  or  CK *etfayl*y «* 
m e t h y l a l l y l  a lc o h o l  and methyX buteny lcarb ino l  o r  <x~methyl~ 
^~ethyXaXiyX alcohol*  further.evidence-w&$ obtained by 
conversion o f  the m ix tu re  o f  hexanols  . i n t o ' t h e i r  &»xenyl 
urethanes#' f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  the r e s u l t i n g  
m ix ture  u l t i m a t e l y  y ie ld ed '  two d i s t i n c t  c rops  o f  crysta ls- 
which were r e s p e c t i v e l y  i d e n t i c a l  w i th  the jy• x t n y l  u re th an es  
of  e t h y lp ro p y lc a r h in o l  and methylbutyXoarblnoX*
'the. p ro b ab le  e x p la n a t io n  of  the p ro d u c t io n  o f  t h i s  
m ix tu re  i s  the. s e p a r a t i o n  o f  the c h l o r i d e  anion  p r i o r  to  
the a t tach m en t  o f  the e n t e r in g  hydroxyl group which r e s u l t s  
i n  a  tau tom eric  change* ..The e l e c t r o n  r e p e l l i n g  property  
©f the e t h y l  group a s s i s t s  t h i s  i o n l s  tion* e s p e c i a l l y  in  
a s o lv e n t  of. h igh  d i e l e c t r i c  c o n s ta n t  such as  w ate r  and the  - 
ex. ^carbon atom i s  thus l e f t  w i th  a p o s i t i v e  charge*' th e  
t r a n s m i t t i n g  e f f e c t  of  the double bond induces a  d e f i c i e n c y  
of  e l e c t r o n i c  charge  on the  y  ^carbon atom and the r e s u l t  
i s  a  sh a r in g  o f  the  p o s i t i v e  c h a r g e 'o f  the carbon!urn k a t io n  
between the  (X * and *earbon atoms* The e n t e r in g  hydroxyl 
group, i s  ab le  to  a t t a c h  i t s e l f  to  e i t h e r  the <x -  or  ^ c a r b o n  
atom and thus  g iv e  the m ix tu re  of  isomers* There a r i s e s
again, the  ■ me s ©me r i d  ' k a t i o n  bu t  as  i n  the. methyl e t h e r  form-* 
a t i e n  'ana lysed ,  i n f e c t i o n  ( I )  th e re  i s  a l s o  a s u b s i d ia r y  
r e a c t i o n . i i r  theV hydre ly s ls  o f / th e '  $h ie r id e *  . t h i s  was . elu~ 
eid&ied -by'working w i th  ' .o p t ic a l ly  a e t iT e  - m a te r i a l  and the  . 
r e s u l t s ,  a r e  outl ined ,  i n  connection '  w i th  the; s t r u c t u r e ,  and 
r e a c t i o n s  of  the"; compounds • s tu d i e d * ' : w ,
'■ ""Mixtures have been r e p o r t e d  in  the., p roduots.  of. the., 
h y d r o ly s i s  o f ' n**propylpfopenyle&fblnyl. c h lo r id e  by Arcus 
and Kenyon i d *0*S*#195S> 1913).;  ' t h o u g h .th e re  were i n d i c a t i o n s  
t h a t  they  were m ix tu re s  of. isomer io/e&rblnojia no s e p a ra t io n  
o f  ..-derivatives. o f  the . u n s a tu r a te d  o r , r e d u c e d  m a t e r i a l  was 
ach ieved .  . .
, /. 'Burton ( J*€ .*0^192-8,1850;:. 1934,1368) has ' i n v e s t i g a t e d  
tau tom eric  change in  a l l y l i o  d e r i v a t i v e s ; o n  the  occas ion  of 
s u b s t i t u t i o n  of:-one n eg a t iv e  group.-.by an o th e r  or, by i o n i s a -  - 
t i o n  o f  the n e g a t iv e  group' in  a s o lv e n t  o f  h ig h  d i e l e c t r i c  
cons tan t*  I t  was shown " tha t  ( x . -p h e n y la l ly l  j ^ n i f r o h e n s o a t e  
could'  be . t ransform ed -. to  cirmamyl ^ n i t r o b e n s o a t e  in  'var ious 
s o lv e n t s  a t  speeds ,depending  upon the  type of so lvent*  .. By .. 
adding t@ tra-methylamonium a c e t a t e  and s tudy ing  the  s tag e  
a t  which s u b s t i t u t i o n  ,to' g ive  cinn&myl a c e t a t e  occurred  / 
i t  was a l s o  concluded t h a t .the  s e p a r a t i o n  o f .the anion ,  
l e a v in g  an u n s t a b l e .carb-onium k a t i o n  i s  e s s e n t i a l  .for  the  
■ tau tom eric  change* - However,;. Kenyon* . 'Cartr idge and / P h i l l i p s  
. ( l o C f C i t t )  a s  a r e s u l t  of  t h e i r  ex p e r im e n ts .w i th  o p t i c a l l y  ,
a c t i v e  m a t e r i a l  -on; the - conversion of tx -phenyl-* ^ -m e th y l- ' 
■ a l ly l ; alcohol ' i n to  y -phenyl* CX-methy3.a l l y l  alcohol * 
have.concluded ' t h a t  th e se  rearrangem ents  do n o t  invo lve ' 
complete s e p a r a t i o n  o f : the an io n ,a n d  th a t .  Bor ton1 s expert-  
■ meat on the a c e t a t e  ferrastxcn may he exp la ined  by attachment 
of the a c e t a t e  ion  to t o  y - carbon'atom while  the  p - n i t r o -  
■benfceate ion  i s - l e a v i n g  the £<-carbon atom* ' This-'must-be 
•reviewed i n 'the' l i g h t  of modern resonance th eo r ie s*  Young 
and Xane (l*A*0*$* ,1938 ,68 ,84?)  p o i n t  out th a t  in  the 
fo rm ation  of  m ix tu re s  of  bromides by the a c t i o n  o f  hydrogen 
br  omi d@ oh' ’"a l ly!  i  c a le  Choi s i t  i s  n o t  &e c e s sary tha  t  the 
C-0  l in k a g e  be com ple te ly  broken* , I f  th e  oxygen -atom ■ -. 
moves o u t  a . s u f f i c i e n t  d i s t a n c e  to a l low  resonance' to  a r i s e  
in  the  r e s t , o f  the molecule whereby the p o s i t i v e  clmrge i s  
shared.between .two carbon a tom s,before, the bromide ion  co -  
o r d i n a t e s a  m ix tu re  may r e s u l t *  - t h i s  p o i n t  of. view has • - 
ve ry  - wide a p p l i c a t i o n  and I n  t h e ;h y d r o l y s i s  of e th y Ip ro p eny 1- 
..earbinyl c h l o r i d e  i t  appears  p ro b ab le  t h a t  the d i s t a n c e  ■ 
o f  ■ s e p a r a t io n  o f  the  c h l o r in e  atom a t  the , time of  eo~ordina«*
- t i o n  o f  the hydroxyl’group dec ides  the. c o n s t i t u t i o n  o f  t h e  - 
product*-. ;. Ho .doubt th e re  - i s  ex ten s iv e  d i s s o c i a t i o n ,  a view 
-which the- .comparat ively  -high, degree  of r e a c t i v i t y  - o f  the 
c h l o r id e  supports*  S x teh s iv e  r&eemisatlen  ©f the  . o p t i c a l l y  . 
a c t iv e ,  m a te r ia l ,  on h y d r o ly s i s  also- le n d s  weight-.-tc t h i s  --: 
view b u t  i t  I s  shown in  the  s e c t i o n  cm t h a t  p a r t  o f  the work
t h a t  the concep t ion  o f  some ©coordination o f  a -hydroxyl
group lander the' i n f l u e n c e © f  -tie©tr©meric disp lacem en t  in  
the  molecule a n d 'b e fo r e  complete' s e p a r a t io n  of the c h lo r id e  
Ion#'I s  neeegsary to account f o r  the fo rm ation  of the 
p ro d u c t s  obtained* "'The-elaboration which" ©overs bo th  
i n s t a n c e s 'b y  ■ supposing ■ a - v a r i a b l e  degree  of separa t ion ,  of - 
the  anion a t . the  moment - o f  s u b s t i tu t io n ,h u t  a l l o w i n g - a 'sharp- 
d i s t i n c t i o n  in  the  p ro d u c t  where the '’d i s t a n c e - i s  s u f f i c i e n t  
to  perm it .resonance "-to "arise  in -the  eapbonium N a t io n ,o b v ia t e s  
t h e - e a r l i e r  n e c e s s i t y  to-assume''-the "simultaneous p ro g re s s  
o f -a -d is t in c t  subsidiary--, reaction*';'
In the p r e p a r a t i o n  of . o p t i c a l l y  ac tiv e  ,ethylpropenyl* 
©arbinyl c h l o r id e  th e re  was raeem isa t icm  depending in  e x t e n t  
upon the  time t a k e n 'fo r . ' i t s  p re p a ra t io n *  ■ The p ro d u c t  showed 
some complex d i s p e r s i o n  and t h i s  was due presumably to  the 
.asymmetry induced in  the  y *carbon atom*. ..which i s  d iscu ssed  
l a t e r  in. connec t ion  w ith  i t s  tautomerism* when hydrolysed-', 
w ith  water,  and ca lc ium  carbonate th e re  was much r&cemisation 
■and the p ro d u c t  had a s ign  o f  r o t a t i o n  the r ev e r se  of t h a t  
o f . t h e  s t a r t i n g  m a te r ia l*  This product* which was a m ix tu re  
o f  ©arbinoXs e x h i b i t e d  anomalous d is p e r s io n * '  showing t h a t  
bo th  components were o p t i c a l l y  active* The hydrogen 
p h t h a l a t e s  o f  t h i s  m ix tu re  of a l c o h o l s  were o p t i c a l l y  a c t i v e  
but- were no t  o b ta in ed  s o l i d  and du r ing  t h e i r  p u r i f i c a t i o n
a s  emm.oniurn. .g a i t  the e t h e r  washings p o sse ssed  no o p t i c a l  
a c t i v i t y *  - thus  i f .  ..any. o p t i c a l l y ,  a c t i v e  .e ther  was formed 
dur ing  the p r e p a r a t i o n  of the c h l o r id e  i t  was no t  p r e s e n t  
i n - t h i s ,  m ix tu re  o f  © arb in o ls* .......
The p ro d u c ts  o f . t h e .h y d r o ly s i s  o f  o p t i c a l l y  a c t i v e  
e th y lp ro p e n y lc a fM n y l  c h l o r id e  by water  and ca lc ium carbona te  
were an a ly se d  by the method employed on e fhy lp ropenylo& rb ino l  
that,  had undergone mu t a r e  t a i l  ©a* Owing to  the e x ten s iv e  
r a c e m isa t io n ,  the- observed r o t a t i o n s  were very  small  h u t  
s u f f i c i e n t  to  confirm, the p ro d u c t io n  of a  m ix tu re  of  o p t i c a l l y  
■ a c t iv e  compounds and to g ive  an approximate va lue  fo r  the  . 
p r o p o r t i o n s  o f  the  components# .l & r l i e r  in  t h i s  s e c t io n  the 
r e s u l t s  o f  the h y d ro ly s is - .o f  the  o p t i c a l l y  i n a c t i v e  compound 
a r e  reviewed and i t  i s  demonstra ted  t h a t  the p roducts '  were 
e thy lp ropeny l*  and m e th y lb n teay lca rb in o ls*  As in  the 
s e p a r a t i o n s  e f f e c t e d  c o n s id e r a b le  y i e l d s  of. d e r i v a t i v e s  o f  - 
bo th  compounds were ob ta in ed  i t  i s  p ro b ab le  t h a t  the  amounts 
p r e s e n t  were of  the  same order# The p r o p o r t i o n s  o f  o p t i c a l l y  
a c t i v e  compounds, were very  d i f f e r e n t  and th e r e  was ex te n s iv e  
r ac e m isa t io n  w ith  very  l i t t l e  p ro p a g a t io n  o f  asymmetry to 
the y  ^carbon atom on tau tom er ic  conversion* th e  o p t i c a l l y  
a c t i v e  components t o t a l l e d  only 8ff -of the f i n a l  m ix tu re  of  
c a r b i n e i s  so t h a t  $2% r a c e m isa t io n  had occurred* Using 
d - e th y lp ro p e n y lc a rb in o l  as  s t a r t i n g  m a t e r i a l  the o p t i c a l l y  
a c t i v e  p o r t i o n  (8$  o f  the t o t a l )  o f  the~reduced p ro d u c t  of
4-0.
c h l o r id e  h y d r o ly s i s  consis ted  of ®3f? .d*eihyl n-propylcarbinol 
and 1$ jUmethyl n*bu ty lc  a r  bin cl  * ' th u s  e thylpropenylcarbinyl ■
c h l o r i d e ,  l i k e  the  p a r e n t  a l c o h o l ,  a l s o  undergoes anion* 
o t ro p lc  change w i th  s o m e - ' r e t e n t i o n  c f  o p t i c a l  a c t i v i t y * . .
The r e t e n t i o n  i s  however Tory ■ small '  i n  th e  case  of  the 
ch lo r ide , ,  presumably because i t  occurs  mainly by io n is a t io n , ,  
r a t h e r  than  by a  r i n g  mechanism and t h e ■in te rm e d ia te  k a t i o n  
undergoes racem isa t loh*  .
41.
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( I ? ) . ' ; fh®; s t r u c t u r e  and r e a c t i o n s  o f  'ethylt>ropen?
■ an(i i t s  c h lo r id e  w i th  reference .  -f o  re la ted ,  compounds*
“The work of Ingold  and Wilson on . the fo l low ing  
system has been mentioned in  the  s e c t i o n  on . *ParachGrsf .
*U / E> E.v A
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In  t h i s  the i&atomari&es were the-i; a:s©*me th in e  $$
CH CH ^ C bMy
X  /  \  /
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I l l  IV
These'aso-methines were i n t e r c o n v e r t i b l e ■in  the p resence  
o f  sodium ethoxlde a n d ' it"was found th a t  a f t e r  the convers ion  
had proceeded '  the 'isomeride I ? ; 'recovered, from the m ix tu re  
had no-percep tib le  r o t a t o r y  power* fhe r e s u l t  was no t  due 
to  complete ra c e m ic a t io n o f . isomeride "  I I I ' p r i o r  to  i t s  
tau tom eric  change b ecau se - th e  unchanged compound 111 was 
recove red  w ith  most "of i t s  o r i g i n a l ' r o t a t o r y  power, f h i s  
complete absence-of r o t a t o r y  power ' in  IV- a p p a re n t ly
i n d i c a t e d  an -entirely  d i f f e r e n t  mechanism from th a t  of the 
e s t a b l i s h e d  in s t a n c e  o f  the  conversion o f  1 i n a l y l  a c e t a t e  
i n to  the  o p t i c a l l y  a c t i v e  (X«*terpinyl ester*.
'T 0 A c l0 .l le G H = C E L  CH =  CH®, G H e=C .H ,C H .C H .C M e,-[O A cJ
I * I *  -----------> I I
CHj OIL ■ CH;------------- -C H ,< 2 Z <
V  ' / .  ■ V I
■ I t  was r e a l i s e d  by in g o ld  and W i l s o n . th a t  in  the ca se  
V—>TI ■ the  m ig ra t in g  c e n t r e  o f  asymmetry-does n o t  fo l low  
the r o u te  of  the mobile group h u t  t h i s  asymmetric s y n th e s i s  
could  only be induced by -the i n f lu e n c e  of  the c e n t r e  of  
asymmetry i n i t i a l l y  p r e s e n t  in  -the molecule# Also from the 
m ech an is t ic  p o i n t  of  view the two forms of e l e c t r o n  dis* 
p lacem ent  f o r  proto  trop ic’ and anlonotropie change a r e  
'analogous*
and ■■ X ^-.A -^B ^=G
t h u s  t h e . r e a s o n  f o r  the c o n t r a s t  i s  to  be fo u n d ' i n  the . 
f a c t  t h a t  the i n t e r s  diversion  V— i s  -a chain*ring
c h a n g e . .
t h e i r - i l l u s t r a t i o n  f o r  an a n io n o t ro p ic  system i s  repro#
d u c e d i n  VII* ( S e e . f i g , p . 43}. X and J  mark the  i n t e r s e c t i o n s  
between the f i x e d  p la n e  OAOC^ C^  and the c i r c u l a r  locus  
o f  Gy. fhe d u p le t s  of  the CpC# . double bond a re  i n d i c a t e d
O A c
~!1 ' y
I f %
j  Oi j s ? '
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"by a and b* far. maximum propagation o f  a symmetry Cy 
would have to  be held-In  such a  p o s i t io n 'a s  C  ^ and e i t h e r '  
■ t h e o r  the b* .; e l e c t r o n s  would be p r e f e r e n t i a l l y  
coupled with . -O^' on-migration,by the p ro c e s s  t t . , of  the
anion ©Ac* However . i f  r o t a t i o n  o f  0 y i s  n o t  r e s t r i c t e d ,  
the symmetrically co r respond ing  p o i n t  {where the
r e l a t i o n  between the a and b e l e c t r o n s  a n d ' t h e  e l e c t r o n s  
■ which a r e  m ig ra t in g  with the anion  i s  r e v e r s e d ) »■ would on 
lan average be occupied f o r  an equal  length, o f  time and 
cause r a c e m is a t io n .  The amount of asymmetry p ro p ag a ted  
depends upon the a b i l i t y  o f  the non equ iva lence  of  the. 
e x t e r n a l  e l e c t r i c  ' f i e ld s  due to  B, and Mz to  make i t  
more p robab le  t h a t  0  ^ ■ should be in  one- s e m ic i r c le  than the 
o th e r  a t  the moment of reac t io n *
I t  fo l low s  t h a t  normally  the p ro p a g a t io n  of  asymmetry 
would he v e ry  sm al l .by  such means and some more d e f i n i t e  
keying  a c t i o n  i s  necessa ry  to  a s s i s t* -  Such i s  g iven  in 
- the  co n v e rs io n  V to VI i l l u s t r a t e d  in  V1XI* (Bee f ig*  
p . 43}* In t h i s '  system a t  t h e  moment'of conve rs ion  the 
atoms Cy0£ C& a r e  e f f e c t i v e l y  f ix e d  a t  the r e l a t i v e  
p o s i t io n s ,  n ecessa ry  f o r  maximum p ro p a g a t io n  of  asymmetry 
by an e f f e c t  c o r r e l a t e d  above w i th  asym m etr ic . syn thes is*
The s t r u c t u r a l  formula .for ethylprope.nylcarbinol 
sugges ted  by .p&r&chor d a ta  p ro v id e s  a s i m i l a r  mechanism 
to t h a t  shown in  ¥111 .' f o r  th e -p ro p a g a t io n  o f  asymmetry
b y  % m  t  ome v i a  e h a n g  a o n  s  t  a n  d i  n g «
H
* ■ /
.011= 0; -A
x  /
(J?:H;
OH.
e^Hy
H
C — CH — v* — OH.
IX :x
At the moment of e o n r e f s i o n , by m ig ra t io n  of the hydroxyl 
an ion  the y - e a rb o n  atom i s  he ld  in  the c o r r e c t  p o s i t i o n  
fox* the  p ro p ag a t io n  of asymmetry* . This accoun ts  f o r  the  
. r e l a t i v e l y  h igh amount o f  o p t i c a l  a c t iv i ty  re ta ined  and the  
mechanism ' i s  d i s c u s se d  i n . the sec tion  dea l in g  w ith  the muta* 
ro ta t ion , .O f  t thylprop-eayle&rMnol* . .. :
I th y lp r e p e n y l e a r b in y l  c h l o r id e  i s  probably formed w ith  
in te r s  ion., of c o n f ig u r a t i o n  as the s ign  of r o t a t i o n  in  the 
homogeneous s t a t e  i s  o ppos i te  to  t h a t  o f  the carM no! fro® 
which I t  i s  formed*. This  has a l s o  b e e n ,observed i n ■the 
cases- ■ of  m e th y ip ro p en y lc a rh in o l  and n ^ p ro p y lp ro p e n y lea rb in e l  
■the c h lo r id e s  of -which ha re  been, p re p a re d  by r e a c t i o n  
w ith ;phosphorns  t r i c h l o r i d e  in  the p re sen ce  of pyr id ine . .
-In such c i r c u M ta n c e s  the r e a c t i o n  i s  b e l iev e d  ' in v a riab ly  
to  i n v o lv e , i n v e r s i o n  ( frankland*  1,0*8**1911* 103* *?!%).,
As. the e t h y lp r c p e n y lc a r b in o l  formed by h y d r o ly s i s  of the 
c h l o r i d e  had th© same s ign  of r o t a t i o n  a s  t h a t  of  the  
o r i g i n a l  oarbinol th e re  was a l s o  i n v e r s i o n  on hy d ro ly s is*
' I t  has been shown th a t  the tautomeric? change on 
.hydrolysis of e thy lpropenyX earh iny l  c h lo r id e  which caused 
the  fo rm ation  o f  .a m ixture  of ethylpropenyl* and methyl- 
hutonyle& rbinolr r e s u l t e d  i n  a s ign  o f  r o t a t i o n  in  the 
methylbutenylc&rMnoX o ppos i te  to  t h a t  which would be ; 
ob ta in ed  i f  t h e .ethylpropenylc&rblnol used to p re p a re  
the  c h l o r i d e  had been a l lowed to  tautomerise on standing*
The e x t e n t  of rac-emigration i n ’ the (x, ♦carbon atom was of the 
same o rd e r  as t h a t  observed 'w i th ' : the’ s u b s t i t u t i o n  r e a c t i o n  
between m ethyl  a l c o h o l  and e thy iprepenylo&rbinyl hydrogen 
p h t h a l a t e ” bu t  the  amount o f  op t i d a l ' a c t i v i t y  transm itted  
t o ’ the . y  »oarbon atom was a  very  small  p r o p o r t i o n  of t h a t  
remaining in  the ex. ^carbon" atom* t h u s ’e i t h e r  th e re  was 
v e ry  l i t t l e  o f  ■ the isom eric  me thy I b u t e n y lc a r b in o l  formed 
or the ;c'ha.nge in v o lv ed - th e  p ro p a g a t io n  of ■ only a small  
amount of  op t ic a l"  a c t i v i t y * ' T h e - l a t t e r  was proved to  be 
the case  as  f ra c t io n a t io n  of  the  i n a c t i v e  p ro d u c t  to  y i e l d  
d e r i v a t i v e s  of both carb inole  i n d i c a t e d  a s i m i l a r  coneen tra*
■ t i  on o f  bo th - isom er ic  a l c o h o l s  a f t e r  h y d ro ly s i s  o f  the  ch lo r ide*  
Arcus ■ and ■ Kenyon {1 *C *S*,1958,1912) have s tu d i e d  the 
p ro d u c t s  ■ of  ’-replacement r e a c t i o n s  of  the -chloride of 
n*propylpropenylcarbinol i n  which asymmetry • t r a n s m i t t e d  to  
■the ■■-■tf*oarbon atom could  be- d e t e c t e d  by r e d u c t io n  o f  the 
m ix tu re  o f  isom eric  d e r iv a t iv e s *  A f t e r  r e d u c t io n  any 
o p t i c a l  a c t i v i t y  must be due to  a methyl  n -am ylea rb ino l
d e r i v a t i v e  as .the:.-di*|i~prQpyiearbin0l d e r i v a t i v e  i s  
symmetrical* ., -V'
e m o t m o m t  » c a M c ^ a , .  )x
{ansymmetrioal)
CBEeiCH.CH.PrX ;
CBCe! GH.CS.PrY > C
{symmetrical}
In :m  ease:;was the reduced -product o p t ic a l ly  a c t i v e a n d -  
thus  no asymmetry was. t r a n s f e r r e d  to  the  y  - ca rh d k  atom*. 
they p o s t u l a t e d  t h a t  as the &,!.«» e hi orl&e on h y d ro ly s i s  was
was an in te rm e d ia te  in. the  r e a c t io n s*  -.This : ion  being ; : 
e f fe c t iv e ly  planar-would'-lead-to,.-the . formation o f  racemic 
p roducts*  . They, a t t r ib u te d  the small-,amount of  in v e r s io n  ■ 
d e t e c t e d  on the <x ** oar  bon atom to a s u b s id ia ry  mechanism 
of  s u b s t i t u t i o n .w h e r e i n  in v e r s io n  r e s u l t e d  by ..the ;su b s ti tu e n t  
group becoming a t ta c h e d - ' to  the asymmetric -carbon atom b e fo re  
the d i s s o c i a t i o n  of : the d i s p l a c e d  group#..--. ,■
.The - c i rcum stances  a r is ing-  in  the :h y d ro ly s i s  of  ethyl**- 
■propenylcarblnyl c h l o r id e  a r e  n e c e s s a r i l y  s im i la r -  and the 
carbonium Nation  f CMeCH*GHBi. i s  probably- l i b e r a t e d  d u r ing  
the reaction# ■-Thi sr. however would, n o t  appear  to  g ive  r i s e  
to  the- asymmetry d e t e c t e d  in  the  y  ^carbon  atom even i f  n o t  
e f fe c t iv e ly  p l a n a r  and i f .  asymmetry could.be p ro p ag a ted  in
/   — — ^
shown to  produce a m ix tu re ,  the -ea.rbon.ium k a t i o n  - €BIeCH*CHPr
t h i s  re so n a t in g  ion .  In  the ch lo r id e  the c o n f ig u ra t io n  of 
the (X-carbon atom i s  opposite  to t h a t  in the p a r e n t  ca rb in o l ,  
and the re  i s  no reason to suppose t h a t  any induced asymmetry 
in  the y - c a rb o n  atom would not  have a co n f ig u ra t io n  
opposite  to  th a t  genera ted  by rearrangement of the p a r e n t  
c a rb in o l .  Then as the re  i s  inve rs ion  on the x  -carbon atom 
on hyd ro lys is  the re  would a l so  be inve rs ion  on the y -carbon 
atom. The r e s u l t  would be a f i n a l  co n f ig u ra t io n  in  the 
y - c a rb o n  atom s im i l a r  to t h a t  obta ined in  the molecular  
rearrangement of the ca rb in o l  and t h i s  i s  no t  the r e s u l t  
of experiment.
The o p t i c a l  r e s u l t s  obta ined can, as  in  the case of 
n«propylpropenylearb ino l ,  be a t t r i b u t e d  to a s ide  r e a c t io n  
wherein the mechanism involves s u b s t i t u t i o n  of hydroxyl 
before  the d i s s o c i a t i o n  of the ch lo r id e  anion* This has 
been t r e a te d  from the a sp ec t  of resonance in  the sec t io n  
on e thyIpropanyIcarb iny l  ch lo r id e  and i t  was shown there  
t h a t  the m ig ra t ing  ion can o s c i l l a t e  f a r  enough from the 
residuum to allow a s s o c ia t io n  with ano ther  io n 7while not 
n e c e s s a r i ly  f a r  enough to c o n s t i t u t e  complete d i s s o c i a t i o n  
to give in t h i s  in s tan ce  a ch lo r id e  anion and carbonium 
k a t io n .  When d i s s o c i a t i o n  i s  no t  complete the asymmetry 
of the molecule i s  p rese rved  though the r e a c t io n  involves 
an inv e rs io n .  An extension  using the mechanism fo r  
an ionotrop ic  systems shown in VII i s  necessary  to  account
f o r  the  asymmetry t r a n s m i t t e d  to , the  y~earben  atom* In . 
t h i s  ease  t h e ’ e n t e r in g h y d ro p s y !  anion: "beeernes a s s o c i a t e d  
with  t h e ’ y*e&rb©n.' atom b e fo re  the' c h l o r i d e ' a n i o n ' h a s  l e f t  
t h a  (x*e&fb©n atom# These two m echan ism s’where’- - su b s t i tu t io n
p rece d es  d i s s o c i a t i o n  may be r e p re s e n te d  by a 'co m b in a t io n
of I -  •’■ *
' OH" : V
/  0H
CH —  CH=CH— :ca  — C jH P —  ► GH3-----CH==CH— CH— Oj Hjs-
XI  and
>• C a .—  CH —  C H = = G H —  C ,H .-o <C "
OH
; BOX
XII _
th e r e  i s  inversion  in .  XI y i e l d i n g  a c a r b i n o l  of the 
same -configuration as  t h a t  from.which the c h l o r id e  was . 
p r e p a re d ,  the  e l e c t r o n i c .s h i f t ' in  . XIX , i s  s i m i l a r . t o  t h a t  
invo lved  i n . t h e  rearrangem ent  of  the c a rb in o l  ©n standing 
and thus g i v e s . a  c o n f ig u r a t i o n  o p p o s i te  to  . t h a t  g en e ra ted  
by rearrangem ent  of  the p a r e n t  ca rb in o l*  I t  would appear  
t h a t  the pow erfu l  p o l a r  n a tu re  of the  chlorine atom i s
C B 3------C H  =*=  G M € H — Cz U f  ■
OH ' H+ 0 s-
s u f f i c i e n t  .to s a t i s fy  the p r o v i s o s  s t i p u l a t e d .  In the. ’: 
mechanism ' VIX* '
'fhe'JaydfoXysis of e thyIp repeny learb iny l 'ch lo ride  gave '
9$ in v e r s io n .  and -transm ission of *f$ of  th is  amount of 
a c t iv i ty  to .the'.' ywcarbon atom* '• The -'Reaction proceeded 
smoothly w ith  calcium "carbonate and water-.at room ' t e m p era tu re* 
■ :fhe hydro lysis , of n#-propylpropenylGarhinyl c h l o r i d e  however 
r e q u i r e d  aqueous sod ium 'carbonate  a t  65°C and these  somewhat . ' 
severe  'conditions'.pro'hahly' accounted f o r  the d e t e c t i o n  of 
only'. in v e r s io n  and no - transm ission "of. asymmetry to the 
' ^ c a r b o n  atom."
B i l l s  and 1C©nyon' S #.11936, 576} have r e p o r t e d  the
form at ion  of  'an o p t i c a l l y " a c t i v e  "carbinol  by the ’ h y d ro ly s i s  
of' me thy Xpropcnylo&rbinyl c h l o r id e  and t h i s  c a r b i n o l  gave 
an o p t i c a l l y ' i n a c t i v e  hydrogen p h t h a l i d  e s t e r  b u t  a s l i g h t l y  
'o p t i c a l l y  a c t i v e  benzoate* I t  i s  now co n s id e red  t h a t  the 
a c t i v i t y  o f  the C arb ino l  may have bean due. to  an im puri ty  
as  i t  was v e r y - e r r a t i c  and. no .o th e r -case ,  o f - th e  fo rm at ion  
o f  an i n a c t i v e  hydrogen p h t h a l i e  e s t e r  .from optica l ly - ,  a c t i v e  
m ethylprcpenylc& rbinol  has been repor ted*  . . That- the c a r b i n o l  
formed, b y . the.; h y d r o ly s i s  of  t h i s  . c h l o r i d e . should be i n a c t i v e  
i s  to be anticipated..;when, the mechanism p o s t u l a t e d  above f o r  
e th y lp ro p e n y lo a rb in y l '  c h l o r id e  i s  c o n s id e red  in  co n ju n c t io n  
w ith  th e  symmetry o f . s t r u c t u r e ; of-me thyIp rope nylcarfcinol* . .
The symmetrical c o n s t i t u t i o n  had .added to the d i f f i c u l t y  
of  i n t e r p r e t a t i o n  of. the  experimenta l ,  r e s u l t s  o b ta in ed  w ith  
t h i s  alcohol*. A p robab le  im pur i ty  in  m e thy lp ropeny lcarh iny i»  
■chloride i s  an e t h e r ,  formed he tween. m ethylpropenyla&rbinol  
.and .the m e thy lp ro p en y lca rb in y l  c h l o r id e  dur ing  p re p a ra t io n *  
The' ahoye au th o rs  c e m e n t  on .the .extreme r e a c t i v i t y  o f  the  
C h lo r ide  and t h i s  im puri ty .would  he removed in  the c r y s t a l l *  . 
i s a t i  on of  ■. t h e , hydrogen p h t h a l i e  e-s t e r  * the  exp e r lm en ta l  
d a t a  shewethat the  benzoate  formed from the c a rb i n o l  in
q u e s t io n  .'had ..very l i t t l e  ' o p t i c a l ' a c t i v i t y  w h i le . ' i t s ' r e f  r a e -
: / 6 °  '• '  ' .. . . . . .  
t i v a  index (n J>=  1 *50845. was lower than ' t h a t  of  the; 'benzoate
I o
p r e v i o u s l y 'p r e p a r e d  (n^ =  1 * §117) * Pure d i* p en ten y l  e t h e r  
has a  " lo w ' r e f r a c t iv e  ' index {ny =  1*4290} and a. h igh  s p e c i f i c  ’ 
r o t a t i o n *  " I n ' t h i s ' c a s e  complete p u r i f ic a t io n  c f  the ■ 
benzoate  from the e t h e r  would be v e ry  d i f f i c u l t  w ith  a 
small" q u an t i ty '  o f  m a t e r i a l ' ' a s  bo th  d e r i v a t i v e s  a re  l iq u id s *  ■
• The s tud ies ;  of  s u b s t i t u t e d  . a l l y ! . a l c o h o l s  ( p r e s e n t  
- w o r k ! H i l l s ,  Kenyon, and P h i l l i p s !  •; Kenyon, P a r t r id g e ,  and 
P h i l l i p s !  . Arcus and Kenyon!. e tc*} have shown t h a t  when 
■the ."optica l ly . 'ac t ive-forms,  o f  th e se  substances,  undergo 
a n io n o t ro p ic  change# the p ro d u c ts  may a l s o  be o p t i c a l l y  
a c t i v e  due to  a  tendency .to fo rm 'a  r i n g  c o n f ig u r a t i o n ,  a 
'•hypothesis ..which i s  sugges ted  by p a r s e  her  de te rm ina t ions*
The' d e r i v a t i v e s  o f  the a l c o h o l s  a l s o  undergo an io n ic  r e p l a c e ­
ment w i th  remarkable ease b u t  in  t h i s  ca se  the p ro d u c t ,
i n  which the e n te r in g  an ion  may he e i t h e r  on the x *  o r  
the y *  carbon atom i s  u s u a l ly  a lm ost ' e n t i r e l y  r&eemsed* 
f h i s  i s  due' to- e x te n s iv e  io n i s a t io n  p e m i t t i n g  resonance 
i n  the mesosaerie h a t io n  which has been. shown to he p lanar#  
Asymmetry i s  .only r e ta in e d  when the e n te r in g  anion i s  
' a t ta c h e d  a t  the moment o f  s e p a r a t io n  o f  the r e p la c e d  anion# 
H utarot& tion. -of th© a lc o h o ls  is - :du# to  an ionotropy#
' th e se  conclusions*  though in  some r e s p e c ts  neveX$
. a re  a  n a t u r a l  development of p re v io u s  views on an iono tropy
. i - 1
t,and a n io n ic  'replacements* th e re  remain a t  p r e s e n t  two 
. o b se rv a t io n s  which a re  d i f f i c u l t  to  explain*-'"
The f i r s t  I s  the o p t i c a l  behav iour of  the a lc o h o l  
o b ta in ed  by the  h y d ro ly s is  of m e th y lp ro p en y lea rb ii iy l  
c h lo r id e  and as outlined., above th e  p r e s e n t  tendency i s  to  
- a t t r i b u t e  t h i s  to  an impurity*
The second; i s - t h e  i r r e g u l a r  mutarot&tion'. ©£ m-ethyl*-
■ p rp p e n y le a rb in o l  a s  d i s t i n c t  from the s te ad y  m u ta r s ta t io n  -
■ o f  e thy lp ropeny lca rb ino l* . - I t  i s  a t  p r e s e n t  though t p o s s ib le  
t h a t  t h i s  i s  due t o . the f  orm ation of
■OH 2=  CH*CH**CH{©H)*CB3
by the somewhat unusual mechanism S*
SLC =  OH—OIL— Cl(OK)—CM,
■-Che anomalies in  methylpropenjlearM nol are s t i l l '  
wnder In v es t ig a t io n  '"by e ther  workers at Battersea- polytechnic*
P re p a r a t io n  o f  41*e th y lp  ro p e n y Ic a rb ln o l*
S th y l  magnesium c h lo r id e  G rignard  re a g e n t  wan p re p a re d  
from e th y  I  c h lo r id e  . ( l3 0 g * ) and magnesium {48g, )  in  dry 
ether.* - A c r y s t a l  of io d in e  was added to  s t a r t  the r e a c t io n  
and i t  was e s s e n t i a l  to  have the e th e r  s a tu r a te d  w ith  e th y l  
c h lo r id e  and warmed s l i g h t l y  a t  the “beginning* The s o lu t io n  
was coo led  in  ic e  and s a l t ,  and eroten&l&ehy&e (X£?g*) in  
tw ice i t s  h u lk  o f  e th e r  was added s lo w ly  w ith  s t i r r in g *
The r e s u l t i n g  complex was decomposed by p o u rin g  the s o lu t io n  
on to  a m ix tu re  o f  ammonium' c h lo r id e  (SSOg*) and ic e * \  Any 
C lo u d in ess .w a s :c le a r e d  by adding  :& l i t t l e :d i l u t e  hydro* 
c h lo r ic  a c i d * ' T he .e there& l so lu t io n -w a s1 washed su c c e s s iv e ly  
w ith  sodium b is u lp h i t e :  s o lu t io n , '  d i lu te "  sodium c a r b o n a te ;i- 
s o lu t io n  and w a te r  - an d ;d r ie d  w i ih : po tass ium  c a rb o n a te .  ■
The - e th e r  was ■ removed on the  w ater  b a th  and the ' a lc o h o l  
was- d i s t i l l e d  f i r s t  in  vacuo and th e n : a t ' a tm ospheric  ' 
p r e s s u r e * '^ O m is s io n 'o f : the "vacuum d i s t i l l a t i o n - c a u s e d  - 
decom position  when' d i s t i l l e d  a t  a tm o sp h e r ic 'p re s su re *  w ate r  
being  ' e l im in a te d * ; “b .p * ; 44*45°C/lS5mflu '| - ; 55*560C/S5mm.;
o 5-*° XJ»°
135-1S5.5 CAeOmm* n 5 1 .4325. 0 .8346. Re i f ,  (Be*.
Z$°
59,1603 and 41,2739} g iv e s  5 .p . 133-134 £’c/760n® .! d +« 0 ,8409.
n-p 1 * 4 3 1 2 * ' . t i e l d  50J6 m  the aldehyde* found 0 , 7 2 * 9 4 ;
■ The b*p* range  no ted  by Ingo ld  and Wilson (1*0*$*, 
1933,1493} of 13$ to  142°O/?70m* was n o t  observed on e th y ls  
propenyXcafbinoi- t h a t  had been p u r i f i e d  by vacuum d i s t i l l *  
ation* ■' A 'eharply- ‘boiling  p ro d u c t  was a l s o 'o b ta in e d  by. 
h y d r o l y s i s ■of the hydrogen phthal&te' fo llow ed by vacuum .. 
d i s t i l l a t i o n *  The eroton&ldehyd© was washed w ith  w ate r ,  . . 
d r ie d  w ith  po tass ium  carbonate 'and- d i s t i l l e d  f i r s t  ir  vacuo 
and then  a t  a o m a l  pressure*, h.p* 1Q1«*1O3°0*'
mixture w as-heated  on the  water h a th  u n t i l  c l e a r  (Xhr*)#
q u ic k ly  s o l i d i f i e d . t o  a crumbly powder which was f i l t e r e d  o f f ,  
tho rough ly  w ashed-with w a te r  and dried*  y i e l d . 80^# This
then  removed by a c u r r e n t  o f  a i r  p assed  f o r  20 minutes*
Hf 1 2 * 3 6 ; .  06B,*O r e q u i r e s  0,72*01 ' H,12*08,
o f  d l * e thyIn  rop eny1c a r  b in y l rat#
The ethylpropenylc&rbinol (200g*} was added w ith  
p y r id in e  (ISOg*} to p h th a lic  anhydride (296g*J' and the
The p ro d u c t  was l e f t  o v e rn ig h t  and then  added to  a s l i g h t  
excess  o f  h y d ro ch lo r ic  a c id  in- io©' Very slow ly and w ith  
v ig o ro u s  s t i r r i n g * '  The p ro d u c t  o f  f i n e  o i ly  d ro p le t s  ■
p r o d u c t ’was s u f f i c i e n t l y  pu re  f o r  r e s o lu t i o n  b u t  f o r  
c r y s t a l l i s a t i o n  th e  e s t e r  was d is s o lv e d  in  e th e r  and 
e x t r a c te d  w ith  sodium ca rb o n a te  so lu t io n *  ■ The aqueous 
s o lu t io n  was washed w ith  e th e r  and d is s o lv e d  e th e r  was
fhe hydrogen p h th a l io  e s t e r  was re p re c ip i t& ie d  with- ■ ■ 
h y d ro ch lo r ic  acid  in  le e , 'w a s h e d ,  d r ie d  a n d - c r y s t a l l i s e d  
from oathon d is u lp h id e  and p e t r o l  (40-60 °€). Small w hite  , : 
p la te s .  m»pt , 02*53 °Cf E q u iv a le n t  by t i t r a t i o n  in  a lcoho l  
w ith  sodium hydroxide'(phenolphth& leln -ind icator) =  245. 
0 I4 B,6 0 4 . r e q u i r e s  ,.248. The e s t e r  was c r y s t a l l i s e d  with , 
g r e a t e r  d i f f i c u l ty . ,  from e th e r  ..and p e t r o l  (40* 00° 0) and th e n  
had m»p*.: 5 1 °C .....
B e so lu t io n  Of - d l#  e thyIn tern enyle arb lnyl hydrogen■phthalate
in to  d* - and 1* forms*. . . . ■ .
•'Anhydrous bruGine f r e e  from  hy d ro ch lo r id e  (235g«) was 
d i s s o l v e d ' i n  a  h o t  s o lu t io n  o f  the hydrogen p h th a l i c  e s t e r  
(I'SOg*) in -d ry  ace tone  ( 4 0 '% ,} , :- When c o ld  the p a r t i a l l y  
r e so lv e d  l*Bcd*A s a l t  .(230g*} s e p a ra te d  and. was f i l t e r e d  o f f  
m*p^'approx*,vl40°0>' This was d is s o lv e d  in  dry chloroform  
(20Og»}''"and c o n c e n tra te d  to 'a " s y ru p  and acetone  {150g. } 
was added, w h ile  'h o t .  " When co ld  the b ru c in e  s a l t  which 
se p a ra te d  '( I5 0 g .  ) had m.p. approx., 150°G, Subsequent 
c r y s t a l l i s a t i o n s  from ch lo ro fo rm  and acetone gave m .p, approx . 
' 155*160 °C ' (lOOg*) and then  m.p* approx. ■ 160*163 °0 (SOg,}*'
A- f u r t h e r  s i x  c r y s t a l l i s a t i o n s  gave the o p t i c a l l y  pure  
l*B'd,~A s a l t  m.p, "166 °0,\- The d*hydrogen p h th a l i c  e s t e r  was 
"'obtained "by'decomposing the s a l t  w i th 'h y d ro c h lo r ic  a d d  and 
ic e  in  the presence, of a c e to n e ,  e x t r a c t in g  w ith  e t h e r ,  d ry in g
w ith  sodium su lp h a te  and c r y s t a l l i s i n g  with, the a d d i t io n  of 
p e t r o l  (40~60°C)* § l i s i e n i n g  w h i te 'n e e d le s  m.p. 70.5 V*
M a '461 +15*G°.(l.,S £*5) in  ch loroform  solution*- . These v a lu e s
were unchanged by f u r t h e r - c r y s t a l l i s a t i o n  o f  the b ru c in e
"  ’ s '
s a l t  or hydrogen phth&l&te*
■ I t  was found p r a c t i c a b l e  to  decompose- the b ru c in e  s a l t
when, a m.p* o f  over 161°O' had been reached , thus, o b ta in in g
th e  hydrogen p h th a l l c  a s t e r  lp<]4-46i 1-10*0° {3L*S £*6) in
ch lo ro fo rm  so lu tio n *  . .This,;was p u r i f i e d  f r o m t h a  1* e s t e r
by f r a c t i o n a l  c r y s t a l l i s a t i o n  from dry- e th e r  and p e t r o l
(40*40°G) and u s u a l ly  fo u r  c r y s t a l l i s a t i o n s  were . s u f f i c ie n t
to  y i e l d  the , o p t i c a l l y  pu re  e s t e r .  v/
'The o r i g i n a l  m o th e r . l iq u o r  and the subsequent two
f i l t r a t e ®  were mixed and ev ap o ra ted  to  c r y s t a l l i s e  which
gave the  p a r t i a l l y  re so lv e d  J.*! 1*4 s a l t  m.p* i20*13Q°C*
f h i s was c r y s t a l l i s e d  from dry ace tone  th re e  tim es g iv in g
-a. b ruc ine  s a l t  m .p. 12S*126°0V The hydro-gen p h th a l l c  e s t e r
o b ta in ed  by-decom position  o f  - th is  s a l t  had m .p . 68*69 0
a n d .-[<x]6-4S( *14.y ' (1 ,8  j y 5} ' in. ch loroform  s o lu t io n .  Three
c r y s t a l l i s a t i o n s  o f  the e s t e r  from dry  e th e r  a n d 'p e t r o l
a o
(.40*00: C) gave an o p t i c a l l y  pure, p ro d u c t  m .p. .70* 5 0.
[< x h 6, -15 . 0 (l.*8 ' £*§) d n  ch loroform  s o lu t io n . -  f a r t h e r  - 
c r y s t a l l i s a t i o n - - d i d  n o t  a f f e c t '  th e s e -v a lu e s .  :>
---When r e c r y s t a l l i s i n g  - th e 'b ru c in e  s a l t  i t  was f  ©and - 
t h a t  a  t r a c e  ©f b ru c in e  h y d ro ch lo r id e  . impurity.- caused  : 
-extensive decom position  o f  the s a l t  w ith  s e p a ra t io n  o f
S’ 8.
bruc ine  phthalate  while the presence o f  m o is tu re  made the 
f i l t r & t i o n s  very ted ious and reduced the e x te n t  of r e s o lu t io n  
a t  each c r y s t a l l i s a t i o n . .  . v /
Methyl and e th y l  a c e ta t e s  were, t r i e d  a s -s o lv e n ts  fo r  
the  r e c r y s t a l l i s a t i o n  of  the 1 4  | 4  s a l t  h u t w i th o u t /  
su ccess  as though the p ro d u c ts  were n ic e ly  c r y s t a l l i n e  
r e s o lu t i o n  was incom ple te , A 'brucine s a l t  m.p*■165*167°C 
gat© . ia  decom position  a ..hydrogen phtfe&lie e s t e r  o f .m.p.
61*64°C and M ^-46! +1^.0° £*5) in  ch lo roform  s o lu t io n .
When c r y s t a l l i s e d  ■ twice, from m ethyl a c e ta te  .... i t  had m .p. .
168°C and g a te  a  hydrogen p hthallo  e s t e r  of m.p* 67*68°C, 
t^ljT461 +11 .5  £ ,5 )  in  chloroform  so lu tio n *  A f te r
a n o th e r  c r y s t a l l i s a t i o n  from m ethyl a c e t a t e ' i t  had m.p.
168°d and gave a hydrogen phth& lic  e s t e r  of m.p* 64*67°0*
(1*2 £ ,5}  in  ch lo roform  s o lu t io n .
The d* and 1- e th y l r  r openylc a rM n e l s .
d - l fh y ip ro p e n y lc a rh in y l  hydrogen p h th a la t e  (21g .)  in  
61. sodium hydroxide (4 5 c*6*) was steam d i s t i l l e d .  The 
d i s t i l l a t e  was e x t r a c te d  w ith  e t h e r  and the e x t r a c t  d r ie d  
w ith  po tass ium  carbonate*. A f te r  removing the e t h e r  on . the 
w ater b a th  the d*ethylprepenylearbinol was d i s t i l l e d  in  
vacuo (5*5g. ) * I t  had b .p .  45°0/l3sim .; [ ^ l y893 + 1 1 .7 5 ° ,
the homogen to n s  s t a t e  and [p*XS95i “12*33 , [p<] SH&0 +12*22° *
24% Ex.]4S4-a+2iBt 65° (,1*2 £*5} in  carbon d isu lp h id e
so lu tion#  On an o th e r  occasion  u s in g  s im i la r  a c id - p h th a l i c
r -1*°° oe s t e r  a .specimen o f  the  c a rb in o l  having +13*30 f
[ « C 0+ M . ? b\  ( 1 ,0 .5 )  in
the homogeneous s t a t e  was .obtained*
J.~Bthylpr©penylcarbinyl • hydrogen phthalate  was 
hydro lysed  s im i la r ly  and y ie ld e d  the  a lcohol having 
■fe.p. 58°C/24nHB. and »11,86 , (p<]4-7ao -1 2 .3 6 ° ,
[< X ]£ ( .1 4 ,1 8 ° ,  [ t x ] £  -26 408 (l,*0*8) in  the  homogeneous 
s ta te *
The to  A r e l a t i o n s h i p  curve i s  g iven  in  the  ^
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fhe e f fe c t .  of  so lv en t-o n ’the 
oarbtny.X, hydrogen vhth&late*
■ ' A  2  dm. po larim eier tube was employed.:-. '£Q<s©-* © f 's o lu t io n  
i f  2g+ o r -Igh  of-, the e s t e r - I n ’"'the req u ired 1; so lv en t;was 
prepared and lower - tonoen tra tions  ■ were obtained tty -d ilu tion  
in-a"standard  flas&.* ■;■ vh~h
. f o r  the c h a ra c te r is t ic  diagram th e  s p e e i f to  r o t a to r y  
power o f  a  so lu tion  {&>$) was used in  Patterson*s m o d if ic a ­
t i o n  of the  Armstrong and Haflser method o f  p lo t t in g *
CJ’.O + S .,19X€#Mj9# 1176)* The. s ta n d a rd  wave le n g th  adopted
o
was 5461 A and fo r .  t h i s  wave le n g th  sp ec if ic  r o t a t i o n s  
were p l o t t e d  on >th@ h o r iz o n ta l  axis*   ^ At the a p p ro p r ia te  
p o in t  f o r  each .'solvent on- this- a x le  d if fe re n c e s  he tween 
the  s ta n d a rd  sp ec if ic  ro ta t io n  and those f o r  o th e r  wave 
lengths were p l o t t e d  v e r t i c a l l y *  f h r  c h a ra c te r is t ic  diagram ' 
(See f ig ,  p., 63) was then obtained "by j o in in g  the  .p o in ts  - 
a s s o c ia te d  w ith  in d iv id u a l  wave le n g th s ,
C o n cen tra t io n  '?S r e o i f i a  R o ta t io n 'fo r  f&v©wn ra.Mj»MW»- * w » * . a w ' ■» *1 *w w M « w r . w i . l i  m*<un *k*«t*nrw
Solvent (Wt./lGOoo.) 5893 5780 5461 4358 A
* tm w w » ' r  * ^ w m h w ^ .  w * m-mmmtm +**>* , . h i /'invw
'a t e r  10,0 + 8 0 .2  + 2 1 .7  + 26.0 + 6 0 .3
{Ha s a l t )  5.0 + 20.7 + 22 .0  + 2 6 .5  + 60 .1
2.5 + 20,0 + 21 .1  + 23.9 +56,4
C o n t i n u e d  f r o m  p .  6 I.
gonoeRt.ration Sneelfio  Rotation fo r  Wave length  
Solvent ( f t . /lOPcc. ) 5893 5785 6461 4568 1
Jsthyl 1 Q. 0  + 26,6 + 2 7 ,8  + 3 2 .5  + 65 ,7
Alcohol 5.0 + 2 7 ,5  + 28.8 + 33,4 + 68,5
2 .5  + 2 7 ,2  + 29 ,7  + 32.6 + 68.0
eartfOB 10.0 > 1 2 , 4  - 1 3 , 0 — 14.5 -2 4 ,7
Bisulphide 5,0 - 1 3 . 9  -1 4 .8  - 1 6 .1  -2 8 ,2
2.5 - 1 4 . 4  -1 4 ,8  -1 6 .2  -2 7 ,8
K itro  1 0 . 0  +  18.8 + 2 0 ,3  + 2 3 ,3  + 4 8 ,5
Methane 5,0 + 2 1 ,4  + 2 2 .8  + 2 6 ,2  + 53 .0
2.5 + 23.6 + 2 4 ,4  + 2 9 .0  + 60 .0
pyrid ine  10,0 +  18,1 + 19 .7  + 2 2 ,5  + 46 .0
6.0 +  17,8 + 19 ,0  + 22,1 +48 .0
2.5 + 17,4 +18,8  + 2 0 .8  +49.0
Benzene 8,0 + 1 0 ,6  +11,0  + 12 ,9  + 2 7 .4
Chloroform 5,0 + 11 ,5  +13,0 + 15 .0  + 3 2 .9
: i :i :  I P F
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T h e  e f f e c t  o f  t e m p e r a t u r e - o n  t h e  r o t a t o r y  v ow e r  o f  &~e t h s
A 0*5dm*, Ja c k e te d  p®la r im e te y  tube, w as ' employed* A , 
a a  enab led  the thermometer hulls, to  he immersed in  
the g&rbinol and th e  tem pera tu re  w as-farled by c irculating- 
a s tream  of h ea ted  w ater th rough  the  j a c k e t . *■ Rotations ' 
f o r  fo u r  d i f f e r e n t  ware le n g th s  w ere= taken  w ith  increasing  
tem pera tu re  and th e  tube was f i n a l l y  allow ed to  co o l f o r  
another measurement to y e r i i f  th a t  hea ting 'had .no t a f f e c t e d  
the s p e c i f i c  r o t a to r y  power* fhe observations a re  p l o t t e d  
in  t h e ' f ig*  p* 66 *
S p e c i f ic  R otation fo r  Ware
'■ £ £ £ .' 2 . P e n a l ty 58,93 . 5 7SO 5461 4358
15.0 0,8431 + 13.28 +  14*12 +16.13 +29.89
18.0 0.8406 m +  13*68 +15.00 **
19.0 0.8398 . . - . ; m -m + 29,05
24,5 0.8351 +  12,81 m
25,8 0.8339 «# m +  16*16 w#-
26.2 0,8336 4* +13.20
26.8 0,8331 m ** +27*60
28.8 0.8313 +  13*44 Wr m
29,0 0.8312 ** m + 14*92 -m ■
30.0 0.8303 m +13.00 «*• m
o
A
C o n t i n u e d  f r o m  p« 6+ .
■ S p e c i f ic  R o ta t io n  for. Wave Length 
lerat>.°C D ensity  5893 5780 5461 4358 A
30.3 Q.S296 .  * ,  + 2 7 ,1 0
32.3 0,8284 +12,24 „  -
37.0 0,8243 * .  +14.19 .
37.5 0.8239 -  +12,13 * + -
37.8 0.8236 * -  -  +26.46
40.0 0.821S + 11 ,33  * ' -
43.0 0.8191 -  « - +25.03
■ 44318 0.8185 - +11.61
44.0 0.8182 - -  +13.32 -
53.3. 0,8103 + 10 .25  - -
53.8 0.8098 -  .  +12.35 +23,47
54.0 0.8096 - +10.87 -
68.5 0.8060 + 9 ,8 0  „  +11.83
59.0 0,8055 +10.31 -  +21,73
.. ■ i1'
37.0 0.8243 - ,  +14.19 .  ,
p H IS  66. 
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M u ta ro ta t io n  of e th y lp r o p c n y ia a r b i n o i *. ■
The specimens .of e a r b tn o l'u s e d i fof  these-.observations  
were d i s t i l l e d  in to  g la s s  stoppered b o t t le s  for  storage" 
a t  room temperature and' they'.were: transferred  a t  in te r v a ls  
to a 0*5dm?. pol&rlmeter tube for ro ta t io n  measurements#. 
Observed ro ta t io n s  and temperatures are tabulated  with .' 
time o f  standing*.,. , ■
( X} Specimen o f  d~ e thy Ip r op eny le .a r b in o l  *
Time (Days.5 TefflB.°0 6893 : :  5780 5461 4358
, :C 19,0 + 5.00. + 5 .2 6  + 6 .1 2 , +11.28 '
, 6  19,0 + 5.03 + 5 .25  +6 .06  +11,23
42 19.5 . + 4.98 : .» + 6 .05  +11.04
59 19.5 + 4 .2 2  i * : . + 6 .0 0  +11.05
122 19.0 -  + 4 .56  + 5 .2 6  + 9,85
129 / , ; : 24,0 + 4.21 ' +4 ,47  + 5 .13  +  9.50 \
■136 . - - 22.0 + 4.05 + 4,30 +4.95 +  9.30
174 ; 18.5 + 4 .00  + 4 .1 5  +4 .75  +  9.06
198 20.0 + 3 . 8 6  +4 .04  +4 ,64  +  8 , 6 6
369 19.0 : + 3 .6 5  +3 .94  +4 .50  +  8.40
593 18.5 : + 3 ,5 3  +3,77 + 4 .32  + S, 0 0
987 19,0 . +3 ,35  +3.55 +4,07 +  7,58
1156 ; : \  21,5 + + 3 ,3 3 .  -  +4.04 + 7 .4 9
Tim© (Days*) ten©, °G 5893 5780 546.1 .4358
0 19.5 - '4 ,98 ' -  5.19 — 5. So - 1 0  * 95
; .300. 19.0 ' - 4 .9 9 - 5 ,2 3 -5 ,9 8 — 10*50
■;024_ ; 17.5 - 4 .9 4 -  5 . 2 2 -5 .9 7 ' -11*05
919 19.0 ' - 4 ,9 0 . ** -  5,96 - 1 0 * 8 8
1634 ■
( H I )  Specie
21,0 ' - '4 ,90  -  5 . 2 0  
len of i-ethylorQ'eeriylcar'binol
- 5 .9 0
*
- 1 1 * 1 0
Time {Bays*) , gemp/.C - 5893 5780WUrWiwHwumwinifr ,6461 ; 4358,
0 2 0 . S ; 4-5.40 4-5,75 .-+"6 * 6 6  ; 4- 12.20
, 736 2 1 , 0 . 4- 5-36 . 4 - 5»60 +  6*50- . ■ +11*85
fermla Ag id. added ■
75? . 20*-G-'..;., +  5 * 1 6 +  $*25 +  6*15.'; +  11*15
A f te r  mu t a r  o t a t  ion  specimen ( I )  was tak en  up i n  e ther, 
washed w ith  po tass ium  c a rb o n a te  s o lu t io n  and d r ie d ,  w ith  - ■. 
p o ta ss iu m  earhemate* , The aqueous s o lu t io n s  p o s se sse d  no , 
o p t io a l  ro ta to ry ,  power* . The e t h e r e a l . s o l u t i o n  o f . h e x e n o l• 
w as.reduced  w i th . hydrogen and a f t e r  d ry ing  w ith  po tass ium  
eaphcmal© and removing the e th e r  the hexanol was d i s t i l l e d
O A °a t  .normal p ressu re* -  h.p* 131*1.33 C* - ^ ^ © 9 3  +.8*50 » '■ ■
^  O O _ oo io o 20 o ,
<X„60 4 -2 .60  , t x ^ ^  +  g .s o  , 0<+i4-a 4-5 .00  (1 ,0 .5 }  in .
the  homogeneous s ta te *  found €*69*4$j ■ 11*13*882 C6 Hh.G
r e q u i r e s '  0.*70*6j ■ 11,13.7* t h e  s t a r t i n g  m a t e r i a l  * lp<T t l -Ki4 # 5 8
V  70 I
was 9 2 . 5 /  o p t i c a l l y  p u r e  so  t h a t  f o r  o p t i m a l l y  p u r e  s t a r t l ­
in g  m a t e r i a l  the;  r o t a t o r y  power  f o r  a  s i m i l a r l y  m u t a r o t a t e d  ,
o
product would, toe ^<^9 3 1 - 2*70° ( 1 , 0 .§ ).; or 93$ of that:-of' 
o p t ic a l ly  pure, ethylpropylcartoinol*. x
the reduced. product (Q*7g*) was eonyerted.to the ’ 
hydrogen phthaXate and after  purification  toy extraction  
with sodium eartocmate solution.was precipitated with d ilute  
hydrochloric acid, extracted with ether and dried with' 
sodium 'sulphate , T h e 'to ta l  hydrogen phth&late was recore red 
toy .removing the .ether and le&ying .in yaeuo (0 .5 g .) * I t  
had Ox] -t-18,7 [cx] ^ 6 irlS . * 6  (l.*S n*2*5) in chloroform■^ 893
s o l u t i o n , .  The q u o t i e n t  16 «7 /5*0  — 3 ,3 4  w hich  c o r r e s p o n d s  
w i t h . $6% o f  jd«ethyIpropyXcartolnoX and  44^- o f  d - m e th y l  
t t^ tou ty lca r to in c l*  .. {S e t  g r a p h  p ,  /6 ) .  f o r  an o p t i c a l l y  
p u r e  m i x t u r e  o f  t h i s  c o m p o s i t i o n  th e  r o t a t o r y  pow er  o f  th e
20° o
c a r to ln o l  would toe £* 5 - 9 9 3  +  7 , 4  {jt, 1 . 0 ) ,  Thus t h e  o p t i c a l l y  
a c t i t e  c o n s t i t u e n t s ,  { f o r  o p t i c a l l y  p u r e  s t a r t i n g  m a t e r i a l ) 
t o t a l l e d  73$ o f  t h e  whole* i n d i c a t i n g  t h a t  on m u t a r s t a t i o n  
■there .was 27$  r & c e m i s a t io n ,  4 1 /  r e m a in e d  and 32$ c o n y e r t e d  
to  d i m e t h y l  g* to u teny Ica r to in o l*  a- J
Be due t  ion  .of, d l* e thy Ip rep eny 1 c ar'b in  o I » ; '
. %;Stl^lpropen3rlear1>iii0l f r e s h ly  p re p a re d  by h y d ro ly s is  
o f  the hydrogen ph.thal&te (2 * 2 g ,} in  d ry ; e th e r  ($03'«c»} , 
was reduced  w ith 'hyd rogen  a t  two atm ospheres p r e s s u r e  _ '
(2800*0*).* - P la tin u m  c a t a l y s t  was used  and t h i s  was in tro*- ■ 
"dueed a s  the  oxide p rep a re d  from e h l o r o p ia t in i c  a c id  by the  
method g i t m  by S h o r t  ( J .B *0*1^6,5 ,1936,141). There was' 
an . in d u c t io n  p e r io d  o f  2 m in u tes  a f t e r ,  which th e  oxide was 
reduced to  p la t in u m  and re d u c t io n  o f  the  O&rbinoX was 
com plete ' in  $0 m inutes,. " A f te r  f i l t e r i n g  o f f  the. p la t in u m  
and d ry in g ;w ith  p o ta ss iu m  ca rb o n a te  th e  e t h e r  was d i s t i l l e d  
o f f  le a d in g  e th y l  T^propyXe&rMnol* This ;was d i s t i l l e d  a t
n o rm al.p ressu re*  . X ie ld  l*6g« b.p* X32*5«*133*5°CU • /
1/
d4o 0*8193*
■ .Another specimen o f . e t l iy lp ro p en y lo a rM n o l f r e s h ly
p re p a re d  from the G rignard  complex was s im i la r ly  reduced 
  0 20°
and the p ro d u c t  had b*p* ■ 130*133 ■ 8 /T$Oxm.* and d 4* 0*8189*
th e n  r e d i s t i l l e d  ;:t h e ' f r a c t i o n  b.p* :X31*132 C had d** 0.8195 
and  ^the ? f r a c t i o n ' h*p* 132*132* 5 °0 had d* t ' - O:,8202*: — ': ^
Another specim en-of e th y lp ro p e n y lc  ^rM nol which had - 
been p re p a re d  hy. h y d ro ly s is  o f  ■ the.-hydrogen p h t h a l i c  w s t e r  ■ 
and h a d •s in c e  "s tood  2 y e a r s  was s im i la r ly  reduced ' end the .
o 20° ■ . ..product had t>.p» 131*133 C an4 S4. G.81S1.
- PleKard and Kenvoa (J .C .S . ,1913.103.1923) give d*° 0.8213.
■ SihyX; H**f**tpyX o& rbinol'.obtained by t h e r e d u a t i on o f  f r e s h  
■/.. ethylp 'r© pe8ylearb’lnoi-;-(gg>..} w as 'h ea te d  w ith  p h th a l t c  anhydride 
■ f$g*5 a t '110*120 ° f  f o r  V.-hours*’. A f te r  d i s s o lv in g ’ in  sodium 
t&rbcmaie ’ s o lu t io n  and e x t r a o t in g  th r e e  tim es "with." e ther*
' ; th e  d is s o lv e d ' e t h e r  was removed by p a s s in g  a i r ' f o r  £ hear" .
^  . ."■•■. and "the' hydrogen p h tJm lid  e s t e r ’was p r e c i p i t a t e d  by adding
. e x e e s a 'd lX t i te 'h y d re e h le r ie  ae id f  the  p r e d a c t  was " e x tra c te d  
w ith  chloroform *' washed w ith  w ater#’. 'd r ied  w ith  ca lc ium  
c h lo r id e  an d ’c r y s t a l l i s e d ' a f t e r -  ev a p o ra tio n  to  d ry n ess  from 
' pe tro leu m  e th e r  (40*d6°0}.« ' Y ie ld  ' a f t e r  two c r y s t a l l i s a t i o n s  
.2*/%.* m*p* V8*?d°0'.# : P i e t a r d  and Kenyon'(J*0»S*#1S13*^GS, . f
- ■ y
, 1 9 2 %)  g t o ®  m , p t ' 7 e , - W CC ^  ' ' ; 7
S ed u c tio n  of d -s thy lT sropeny lea .r tino l,
■« iim— **•' iwnwjwiliy rm \* i 'WWW
d ^ I th y lp r o p e n y io a rh in o l . (i* 5g*.)\ f r e s h l y . p rep a re d  
h y d ro ly s is  o f  the  hydrogen phth&Xic e s t e r  and having
Zl° ojc><] -t-14.91 {j.f0*S)-was red u ced -as  .above 'and  the p ro d u c t
C>
was d i s t i l l e d  . a t  normal p re s s u re * '  X ie ld  2*$g* b*p* 131*133 C 
[txfg°”s+6.ai° , [of°° +7,?9°, .[<x£V +12,41° (1,0.25),
fh.e e thy Ip r  op e ny1c a rb ino  X was 96$ -o p t ic a l ly  .p u r e : a n d . thus
iiM. ^^93=+*? *09 4
«* o  /
Kenyon 1©S,82S«) g iv e s  ftxfL*’ *4,S1°
fo r  the  - maximum ro ta t io n ^ -  She to  X* r e l a t io n s h i p  
curve I s  ' given-: in  the . fig* p*( .
■of; & hydrogen p h t h a l a t e *
-■= th e  p rocedure  W3,s s im i la r  to  that'employed f o r  the  
'■dJUfoydrogen p h th a la te  h o t  a f t e r 'e v a p o r a t i o n  to  dryness  the 
product w as- le f t  in-.a vacuum d e s ic c a to r  . f o r  two days, to 
•jremote;.traces  .Of solvent* • fe  remove p h th a lic  a c id  the  
hydrogen p h t h a l i d . e s t e r  was d is s o lv e d  in  dry  chloroform* 
f i l t e r e d  and ■. ag a in  evapora ted  .w ith vac yum desiccation*
t h e ' r e s u l t i n g  w hite c r y s t a l l i n e  s o l i d  had m*p* 48*49 0
t-IB . 2 6 ° { 1 V-2 o»5) i n  ch loroform  so la t io n *  ' th e  
c a rh ln o l  wag 9 0 -  o p t i c a l l y  pu re  and as  th e re  was m  f u r t h e r  
p u r i f ic a t io n  .of the hydrogen p h th a la te *  f o r  o p t i c a l l y  p y re
Kenyon (d*C,S*t m 4 >10S*B22S) g iv e s  C ^ 893 r5*T<5° 
f o r  . the  isaotoum r o t a t i o n  in  ch lo ro fo rm  solution*
and 31 * +10*19 * . + 11*26 *
d ie th y l  n-propy 1 ca rb in y  1 hydrogen .p h th a la te  OKl^as,*- +9.70
o
c a r M n o I *
. - gi-Butyl magnesium bromide Grlgnard re a g e n t  was p r e p a r ­
ed from a - 'b u ty l  bromide (34g*) -and magnesium,{Gg.} in  dry 
ether* The so lu t io n /w a s  cooled  in  ..ice and s a l t  -and . 
anetaXdehyde (lOg*) in' tw ice I t s  b u lk of e th e r  was added _ ■ 
slow ly  with .s tirr ing*  The re su lt in g -  complex was decompos­
ed by pouring tthe s o lu t io n  on to a mixture, of ammonium 
c h lo r id e  ( 3 0 g .) and ice* The e t h e r e a l  s o lu t io n  was washed 
s u c c e s s iv e ly  w ith  e odium’ h i  s u lp h i te  solution*, d i l u t e  
sodium ca rb o n a te  s o lu t io n  and w a te r  and d r ied ' w ith  po tass ium  
carbonate*  The e th e r-w as  removed on the w ater h a th  and
the m ethyl n -b u ty l  e&rM nol was d i s t i l l e d  tw ice a t  normal
0  * 0 °p re ssu re*  Y ie ld  Gg* ' b*p*' 134-141 0* . d4<> 0*8130. .
Pickard, and f M j m  {1.0*8**1911*99*45): giro, b.p* 136 0 
20 °
and' d4. ' 0*8150*
3> yep a m t  ion, o f  d l - me thy 1 n - b u ty l  c a rb in y l
Methyl n - h u ty l  c a rh in o..l (2g*) was heated with p h th a lic  
anhydride (3g*) a t  110-120 °C f o r  f  h o u rs .  A f te r  d i s s o lv -  
ing  in  sodium ca rb o n a te  s o lu t io n  and ex trac tin g  three 
tim es -with e th e r  the d is s o lv e d  e th e r  was removed by p a s s ­
ing  a i r  fo r  \  hour and the  hydrogen' ph tha lic  e s te r -w a s  
p r e c i p i t a t e d  "by adding excess  d i l u t e  h y d ro c h lo r ic  acid*
The p ro d u c t  was e x t r a c te d  w ith  chloroform* washed w ith
w a te r , '• d r ie d  w ith  calcium, c h lo r id e  and evapora ted  to 
dryness* The hydrogen ph th a la te  was r e c r y s t a l l i s e d  from, 
e th e r -a n d  p e t ro le u m 'e th e r  (4 0 -60 °Q) w ith  some d i f f i c u l t y *  
C o lo u rle ss  prisms* sup* 48°C* B iokard  and. Kenyon (J.*C*S* 
1911*99*45) r e p o r t  an o i ly  syrup t h a t  would n o t  c r y s t a l l !
z m m M m M  f & s a t £ s s 2 u i L j & ^  m . 
ftirn  JU*ethvltsrcwenvle^vMrvrt hvdM*w*n r*ht***'l i t* .
. i-Sthylpre»enyle*.r'bmyi .hydrogen p h th a la t e  (eg,.)
o *
6i “@»s  .(1*2 ; &»6) in  ch lo ro fo rm  s o la t ie n ,w a s
b o a t e d  under r e f l u x  o n .  the w a t e r  b a t h ,  w i t h  a n h y d r o u a  m ethyl 
a l c o h o l  (80g*) f o r  33 hoare* T h e  methyl alcohol bad been 
d i s t i l l e d  f r a a  c a le lw a , , t h e . ,  l i q u i d . me.  d i s t i l l e d  o f f .  the  • 
r « e i d u & l  p h th a l io  a e l i  Bad unchanged hydrogen j j h t h a l l c  
e s t e r  on the s t e s a  l a t h .  .Anhydrous ca lc ium  c h lo r id e  ( 6 0 g , ) 
• a s  added to  the  d i s t i l l a t e  and l e f t  o v e rn ig h t ,  A f te r  
f i l t e r i n g  a n d  w i t c h i n g ' ,  w i t h  e th e r  th e  d i m e t h y l  e t h e r  w a s  
removed o n  t h e  w ate r  b a th  and t h e  r e s id u e  d i s t i l l e d  a t  
norm al p r e s s u r e ,  f i e l d  o f  e t b y i p r s p e n y i c & r b i n y l  m e t h y l  
e th e r  l* 0 g . b .p ,  l lO - l i a ° a *  n f  1 .4180 , o c " * ,  -0 ,1 8 °  
(I#Of i5 i n  tli# hemdgeneeaa tint®* ' y
t l * 0 «S) p r e p a r e#  t y  f e y t o l y s l s  of. hydrogen p b th A li*  e a t e r
, ei®ilay,jtO'-ihat uaed .in .M thod  {t} wm t rea ted  with $0 tags lam
In 4wf e th bt {'30g*}# A fter standing overnight 
txees* |>§t&iaium mm removed and methyl iodide- (7g*J mm 
added# A fte r  washing three  times with l e t  water and drying 
with dElolt®i ohlorJtd® the di*#t>hyl. e th e r- mm removed on the 
water hath# ffi@ regidue mm f t m t U m l l ?  d i s t i l l e d  a t
n ( I I ) Prem l##ethviwror»e
5.2°
1 ,- l th y lp ro p e n y le a rb in o l  (8 g . )  hav ing  (Xr4tl * 2 .8 O
y
.normal p r e s s u re  and found to  c o n ta in  unchanged.-earMnol* 
fo remove t h i s ,  th e  t o t a l  d i s t i l l a t e  (3»6g«}' was warmed 
w ith  p h t h s i i o ' anhydride ' {3g*) and p y r id in e  (2 g »}*
Ih e  p ro d u c t  was d is s o lv e d " in  e th e r  a n d 'e x t r a c te d  w ith  ' d 
sodium 'carhonatec so lu tion*  ’■ The ' O ther s o lu t io n  was then  . 
washed s u c c e s s iv e ly  w ith  d i l u t e ' h y d ro ch lo r ic  a d d  and " 
water- a n d ; dried ' w ith ’ calcium  chloride.*.’ A fte r  removing-' the  
d im e th y l ' e th e r  on th e 'w a te r  h ^ th  the r e s id u e  was aga in  
f r a c t i o n a l l y  d i s t i l l e d  a t  normal" p re ssu re*  Y ie ld  l*Sg*'"'"
o ZZ° 23° otup . 110-115 C, jjj '1 ,4 1 1 0 .  CK r4tl (3.,0.5} in
the homogeneous s t a t e .  ‘
p -H i t ro  h ensoy l c h lo r id e  ' (9 * 2 g .) w as ' added to  a ’ 
m ix tu re  of e th y lp ro p e n y le & rh in o l■ {S-Og*) and p y r id in e  
(4t5g* 1> 1 m ix ty re  was hea ted  f o r h o u r ' o n  the water, 
h a th  a n d ;l e f t ,  overnight*, th e  p ro d u c t  was e x t r a c te d  w ith ' : 
ether*- washed s u c c e s s iv e ly -w ith  ic e - c o ld  d i l u t e  h y d ro ch lo r ic  
a c id  and Water .and d r ie d  -w ith  ca lc ium  ch lo rid e*  ' .After 
d i s t i l l i n g  o f f  - the  ether*: f i n a l l y  in  vacuo, ";^ he d l? e th y l*  
p ro p e n y lo a rh ln y l . ^ n i t r e . bensoa te  was c r y s t a l l i s e d  from 
p e t r o l  {40-60 °C|* T ie ld  0g, AP&Xe yellow  f la k e s  m.p*
P re p a r a t io n  of d l~ e thy Ip r  openy IpayMnyX a c e t a t e *
Acetyl^ c h lo r id e  (6g*} was added' to  a m ix tu re ' o f  ■ 
e thy Ip r  op enyloa rh ino  1 (%♦} and p y r id in e  ■ (6g*) *'/ A f te r  
warning g e n t ly  and standing ' o v e rn ig h t  the m ix tu re  was ■ 
t r e a t e d  w ith  excess  ic e - c o ld  d i l u t e  h y d ro c h lo r ic  acid* A' 
fhe p ro d u c t  w a s 'e x t r a c te d  w ith  e th e r  -and-the e x t r a c t  was 
washed w ith  w ater  and d r i e d 'w i th  sodium su lpha te*- A f te r  
removing the- e th e r  on the w afer h a t h - t h e ' e s t e r  was d i s t i l l e d  
t i r s t . i n  vacuo and then a t  normal p ressu re .* ’ h#p* 54-56°C/ 
ITsm,,15S-154°C/76CBim. n ' f  i .4 2 3 0 .  -found 0 ,6 6 .9 1 ; - 
11,9X78. Cg H,4 Oj r e q u i r e s  C,67.5{:> B ,9 .9 3 , - - "  ■ A
 .T-- - . I  I
Id.
Benaoyl .ch lo rid e -  (8g#} was added io  a f i x t u r e  of ..-,
-■■■■ ethylpropenyXoartoinoi -{5g*} in  p y r id in e  (6g*)* .A f t e r  
warning and s ta n d in g  ..©Ternighb the .mixture, w aa . t r e a te d  
' w ith  excess  ic e -c o ld ,  d ilu te -Jbydroch icriQ  acid*.. The .p ro d u c t
■ was .e x t ra c te d  w ith  e th e r  and • the e x t r a c t  .was washed w ith  ,
^  , w ater  and d r ie d -w i th  sodium s u lp h a te * , A f te r  removing th e -
e th e r  ©n the . w ater hath , the e s t e r  was d i s t i l l e d  in.vacuo* 
t , p ,  X44^X45oC/20bbii. d j °  1.5Q76. round e , 76*358 - H,7,SX. 
OjjH^Oa. r e q u i r e s  C ,?« ,45 j 33,7,90,
P u r i f ic a t io n ,  of A l ly l  A lco h o l*
■ A" specimen "was l e f t  ©Ter anhydrous copper su lp h a te  f o r  
one week and then  twice f r a c t i o n a l l y  d i s t i l l e d  a t  normal 
p ressu re*  The f r a c t i o n  b.p* 98*5*97V  was l e f t  o v e r '
^  . potassi'um  c a rb o n a te  f o r  one week* . The r e s u l t  , was fraction**
■ a l l y  d i s t i l l e d  a n d - th e . f r a c t i o n  tup*. 96-98*7 C-. was c o l l e c t -
IBS’9
ed and se a le d  f o r  p a ra c h o r  de te rm ina tions*  n ^  1*4142*...
found 0 ,61*B6j .,.H#X0*23|. £5H6G r e q u i r e s  -C*62*0| ■ H#10*42* 
A nother specimen of a l l y l  a lc o h o l  ■ w as: l e f t  over,. . • 
p o ta ss iu m  ca rb o n a te  fo r-o n e  week a n d ; f r a c t i o n a l l y . d i s t i l l e d *
The f r a c t i o n  .tup* 95*8*98*7 °c was ag a in  l e f t  ©wer po tass ium
? •
' c a rbona te  f o r  one week and f r a c t i o n a l l y  d i s t i l l e d *  .The 
- f r a c t io n  b*p*. 96-96*2 °C was c o l l e c t e d  f o r  p a ra c h o r  determ - 
iim tions*  n^ 1*4134* /
 Aeeiyl- c h lo r id e ' (20g*) was 'added" slow ly to  a mixture
o f  ally!:-...ale©hoi ( l l* 5 g « )■and 'pyrid ine  (16g#).. ■ There was 
a  v ig o ro u s  r e a c t io n  and a f te r :  c o o l in g , th e  m ix tu re  was 
shaken w ith  e th e r 'a n d  d i l u t e  h y d ro ch lo r ic  a c id .  - The e th e r  
e x t r a c t  was washed w ith  w ater  and th e n  p o ta s s iu m 'c a rb o n a te  
/ s o l u t i o n * A f t e r  d ry ing  w ith  p o ta ss iu m  carbonate .the e th e r  
was removed on th e  w a te r  h a th  and the  e s t e r  was d i s t i l l e d ?  
a t  normal pressu re# '- Y ie ld  ' ( a f t e r  two d i s t i l l a t i o n s )  7g.
:103-10S °e, n /f° 1*4050. Found 0,59,68; H.8.28.
C^HgOj. r e q u i r e s  C ,59.68, H,8«02,
P re p a ra t io n  o f  .Allyl e th y l  e t h e r .
A l ly !  c h lo r id e  was added to  sodium e thox ide
p re p a re d  by adding sodium ( 2 . 5g* )'■ to ab so lu te  . a lco h o l (40g.) . 
The p ro d u c t  was warmed on the  w a te r  h a th  and l e f t  overn igh t*  
.Water was added and the r e q u ire d  e th e r  e x t r a c te d  w ith  
d im ethy l e ther*  washed w ith  w ater and d r ie d  w ith  po tass ium  
carbonate#. A f te r  removing d im ethyl e th e r  on the w ater  
bath., the  a l l y !  e th y l ,  e th e r , was d i s t i l l e d  a t  normal p r e s s u r e .  
Y ie ld  S . l g .  • b .p .  S5*56°C* » '*  '1*3700* 'Found 0,61.16$
H# 12*49* C^-II/qO r e q u i r e s  0*69.701 Hf 11.71*
 • ~ A
&0.
• P r e p a r a t i o n  o f  d l *  e t h y  It? r  op e n v l c a r b i n y l  c h l o r i d e  ♦
r s
Ih io n y l  c h l o r id e  (26*.4g») ( h * p » 7 5 ° C) l  f r e s h l y  d i s t i l l e d  
from l i n s e e d  ©11* in  dry e t h e r  {80©$*) was added with r a p id  
s t i r r i n g  dur ing  one hour t© d l* e th y lp ro p e n y le a rb in o l  (£0g*) 
and q u in o l in e  (8 0 g .)  in  e t h e r  ( I6 0 ec* } while the f l a s k  was 
cooled  in  a f r e e z i n g  mixture* A f te r  s tand ing  overnight the 
e t h e r  was removed on the w ate r  bath.,and the p ro d u c t  was 
d i s t i l l e d  a t  normal p ressu re*  H e l d  10g* b*p* 3Q°C/l&ma#| 
35°C/I6mm«; 100°0/3?Omra. I t  d i s t i l l e d  w ith  s l i g h t  decorrip~ 
e s i t i o n  and l i b e r a t i o n  o f  h y d ro ch lo r ic  a c id  a t  normal
oO JIO
p ressu re*  b.p*' 123-124 C* n y 1*4400, found 0,61*03? 
Hf.9,85$ 01*28*2* Q6U.n Cl r e q u i r e s  C*60»71?: Bf 9»36|~
01*29*f3* ^  ' \
I t  w as . found .necessa ry  to  use a small  amount1of 
q u in o l in e  to  a v o i d . a . l a r g e  h igh■ bo i l ing  res idue .w hen  the 
■product was d i s t i l l e d  as  , ' th is  reduced = the "yield* P y r id in e  
was f i f s t  . . t r ied  b u t  then •:.the-product'was a l k a l i n e  a f t e r  
d i s t i l l a t i o n  i s d  co n ta in ed  -pyridine*.v .When 'pure■ the "chloride 
was a c o lo u r l e s s :  l i q u i d  w i th  a v e r y . f a i n t  pungent  smell .  ■
Hydro lys is  of  d l  -  e. thy In rope nylo a rb iny  1 c h lo r id e  w i th  w ater  
and ca lc lum  c a rb o n a te ,
P r e c i p i t a t e d  calcium ca rbona te  ( 2 ,S g . )  was added to  a 
m ix ture  of  d j *e th y Ip ro p e n y lc a rb in v l  c h l o r id e  ( 6 g . ) and w ater
( I 5 g . |*  There was s l ig h t -  e f fe rv e sc e n c e  and an a lmost  imm* ,; 
edi&te smell  o f  the  c&rbinol* A f t e r  s tand ing  th re e  days 
w i th  o cc a s io n a l  shak ing  a l l  the ca lc ium ca rbona te  had 
d i s s o lv e d  and excess  was added {2#Sg.«}« There was v i o l e n t  
.■effervescence*’ The p ro d u c t  was -extrac ted  w ith  e t h e r  and 
d r i e d  w i t h ”po tass ium  carbonate* . . ’A f t e r  removing the e th e r  
■ m  the w ater  .ha th  the p ro d u c t  was d i s t i l l e d  in  vacuo in to
th r e e  f r a c t i o n s *  20$ b*p* up to  4 ? °Ct $00 b#p. 47*49°0,
: • " • ' era 
£0% 49* 50 ° 0 /1  Siam * A l l  th e se  f r a c t i o n s  had Rj9 1*4345*
T o ta l  y i e l d  4g* : x /
Prepara t ion’ of the p~xenyl, ure thane. of the, product of 
hv&rolvsis of di^ethvlnropenvlcarhinvl-chloride*
The middle f r a c t i o n  of the above h y d ro ly s i s  (G*5g*) 
was hea ted  f o r  I f  hours w i th  g^xenyl c&rbimide ( lg*)  at;..,
100°C* When .cold the  s o l i d  p ro d u c t  was d is so lved ,  i n 'dry 
e ther*  f i l t e r e d  and c r y s t a l l i s e d  by c o n c e n t r a t in g  and 
adding petro leum  e t h e r  {40*60°0)* The p ro d u c t  c o n s i s t i n g  
m ainly  o f  white n ee d le s  had sup*, approx* 7.5 °C* By f r a c t i o n a l  
c r y s t a l l i s a t i o n  from e t h e r  and p e t r o l  th re e  c rops  of 
. c r y s t a l s  were obtained* sup# 92*93°C* B40G and 7b°C* The
o
second f r a c t i o n  was f u r t h e r  f r a c t i o n a t e d  g iv in g  sup* 85*86 C
P r e p a r a t i o n  o f  • t h e  p - x e n y l  a  re .  t h a n e  o f  d l - e t h y l p r o p e n y l c a r b i n o l *
d l - l t h y l p r o p e n y l e a r b i n o l ' which had s tood 2 y e a r s  (Q*5g) 
was h ea ted  with  33-xenyX e a r b i m id e ' t ig * ) as b e fo r e 'a n d  the 
p ro d u c t  f in a l ly  c r y s t a l l i s e d '  from e t h e r  and p e t ro l*  the 
t o t a l  y i e l d  had m.p* 97-99 °0. By f r a c t i o n a l  c r y s t a l l i s a t i o n  
two c rops  of  c r y s t a l s  were ob ta ined ,  bo th  in  the  form o f  
needles* ' the  m ajor  f rac t ion 'had 'm *p* '  102-10S°C^  which, was "" 
unchanged by f u r t h e r  c r y s t a l l i s a t i o n .  ' A small  .quant i ty  
{2§^-} was recovered  w i th  an a p p a re n t ly  c o n s ta n t  m.p. 84*S6°C»
. - I t h y l p r o p e n y l c a r b i n o l f r e s h l y . p rep a red  by .h y d ro ly s i s  
o f . the hydrogen p h t n a l i c  e s t e r  y i e l d e d  a £ -x e n y l  u re thane  
o f  l o n g . c o l o u r l e s s  need les  m.p* 102°0 w ith  two r e c r y s t a l l *  
i s a t i o n s *
P r e p a r a t io n  of. the hydrogen p b th a l io  e s t e r  of the pro  duct  
o f  h y d ro ly s i s  of d l - e thylwop.eny.Xoa r b ln y l  c h l o r i d e .
HexenoX (not '  r e d i s t i l l e d ) '  ob ta ined  by h y d r o ly s i s  
of  ethylprop^nyXcafbinyX' ch loride  (S.Sg*) was added to  a 
m ix tu re  o f  p h t h a l i c  anhydride (5 .2g .)  and p y r i d i n e  ( 3 .2 g . )  
t h a t  had been h ea ted  u n t i l  c l e a r  and allowed to  cool*
A f te r  s tand ing  fo u r  days the hydrogen ph th a lic  e s t e r  was 
e x t r a c t e d  as u su a l  w ith  e t h e r  and washed w ith  d i l u t e  
hydrochloric acid* e x t r a c t e d  w i th  sodium ca rbona te  s o lu t io n  
and rep rec ip ita ted , w ith  ic e  co ld  hy d ro ch lo r ic  a c id .  The
83.
r v
f i l i a l  so lu tio n 'In . e t h e r  was washed w ith  water ,  d r i e d  w i th  
sod ium .su lphate  and al lowed to c r y s t a l l i s e * ' A fter 'fit©  
months an a p p r e c ia b l e  white c r y s ta l l in e  p r e c i p i t a t e  had 
formed hu t  when, removed and d r i e d  had aupY over 300°0*
f r a c t i o n a l  e r y a t a  1 l i s a t i o n  o f  the. p»xenyl u re thane  of .the 
p ro d u c t  o f  hydrolys is ,  of  &l*e thy lp  ronenyioarblny.l  c h l o r i d e .
Hexenol (n o t  r e d i s t i l l e d ) ’d e t a in e d  by h y d ro ly s i s  , ' 
o f  e th y ip ro p e n y lc a rh in y l  c h lo r id e  (5g*) was hea ted  w ith  
p-x©nyl carb im ide  ( lO g .)  a t  100°C f o r  l i  hours* ' The p ro d u c t
was e x t r a c t e d  w i th  dry e t h e r ,  f i l t e r e d  and s u b je c te d  to  
f r  o t i o n a l  c r y s t a l l i s a t i o n  u s ing  e t h e r ' a n d  pe t ro leum  e t h e r  
(4 0 -6 0 °0 )* . The f i r s t  crop o f  c r y s t a l s  had m*p* 64-S5°0 
( 4 g , ) and on r o e r y s t a l l i s a t i o n -  had m*pY92-94°C (3g#)#
T h e  n ex t  c r y s t a l l i s a t i o n  y i e l d e d ' l a r g e r  c r y s t a l s  (0*7g*) 
m*p* ■ 100-101°0 and t h i s  was no t  in c re a se d  beyond 102-103 O' 
by subsequent c r y s t a l l i s a t i o n s *  _ A m ix tu re  of  . th i s '  p ro d u c t  
and a u th e n t i c  ©th y lp ro p en y lca rb in y 1 j^-xenyl. u re thane
O
. (p rep a red  as  above from the c a rM n o l )  had m*p* 102 0* 
found C#78*9| Hf 7*41* Ol9E aiH02 r e q u i r e s  0*27*3; B*7,Y?*
The f i r s t  f i l t r a t e  m  c o n c e n t r a t io n  y i e ld e d  a  c r y s t ­
a l l i n e  p ro d u c t  w i th  cup* 77-80 0 (hg#) and t h i s  when 
reduced to  4g* by c r y s t a l l i s a t i o n  had m.p* 79-63°C* A 
small  amount' o f  h ig h e r  m*p* m a t e r i a l  was removed by very
84.
(13k
l  Oslow c o n c e n t r a t i o n  of i t s  so lu t io n  {0*§g» m.p. 85*89 CJ 
and then  5g* -of c r y s t a l s  w i th  m#p* 80*84°C were, obtained* 
Two f u r t h e r  c r y s t a l l i s a t i o n s  y ie ld e d  a f i n a l  p ro d u c t  of .  
m.p, 81 -82°C. Jound 0 ,7 7 .9 ;  H,7.57,  C.gH^KOj requires
0 ,77 .3}  H,7.17,
P r e p a r a t io n  ■ o f  the i - x e M  urethane of  &l*e thy It? ropylo a rb in o l -iirnjinui rri '»i.i<Viiii.»>r >i»wr-m.i.-inr>ii*>.w,>imiiii ^in-in' .wwilun* w ^ * w * « w  <|wm> iMiwuwH i’Ww <w.<» wp.n'H'mu niwwWWinniy iniM<w Wiiji'Obimhi *>mni ■ imn
d l * f t h y l p r e p y l c a r b l n o i  (O.bg.)  ob ta ined  by red u c t io n  of 
f r e s h l y  p repa red  c t h y lp r o p e n y le a r b i n o l ’was- hea ted  w ith  
p*xenyl eatbimi&e ( l g . ) a t  .1OO°0 f o r  l i  hours .  ' A f t e r  c o o l in g  
and e x t r a c t i n g  w i th  e t h e r  the p ro d u c t  on c r y s t a l l i s a t i o n  
from e t h e r  and p e t r o l  had. sup*. 1S5°0 and c o n s i s t e d  of 
c o l o u r l e s s  n e e d le s .
P repara t ion ,  o f  the. p*xenyl, u re thane  o f  dl*iaethyl nVbt
C a rb in o l .
•- &l*l£ethyl n * b u ty Ic a rb in o l  (0»5g .)  and p^xenyl ca rb im ide  
( i g . )  t r e a t e d  as  w ith  e t b y lp r o p y l e a r b in o l  y i e l d e d  the /
p~xenyl ure thane  w ith  m.p. 91*92 '°€ . u
f r a c t i o n a l  c r y s t a l l i s a t i o n  o f : the p*xeny1 u re th a n es  of the 
reduced p ro d u c t  of  h y d ro ly s i s  of d 1 «* e thy Ip r  op enylc a. rb  i  nyl
c h l o r i d e *
Hexenol (4 g .) p rep a red  by the  h y d ro ly s i s  of  d i methyl*
prepenylcarbinyl c h lo r id e  was reduced with hydrogen, d r ie d  
a n d - d i s t i l l e d  to g ive  the correspond ing  hexanol (1* 3gO*
■this w ar  conver ted  to  the ^ -x e n y f '  u re thane  and su b jec ted  -.to 
f r a c t i o n a l  c r y s t a l l i s a t i o n  from e t h e r  and pe tro leum  e t h e r  
(4O-6O°0). . th e  f i r s t  crop had m.p* 110*120°C which was 
in c re a se d  to  129*130°0 by two r e c r y s t a l l i s a t i o n s  and by two' 
f u r t h e r  c r y s t a l l i s a t i o n s  a small  q u a n t i t y  of c r y s t a l s  of 
m*p* 132*153 °0 was obta ined*. This c o n s t i t u e n t  was d i f f i c u l t  
to i s o l a t e  -as a l t h o u g h . i t  had the h ig h e r  m e l t in g  p o i n t  i t  
d id  no t  n e c e s s a r i l y  c r y s t a l l i s e  f i r s t *  When mixed w ith  
a u t h e n t i c  ■©thy Ip p o p y lca rM n y l  p^xenyl  u re thane  the m#p# 
was .131*132*0*.
The f i r s t  mother l i q u o r  y i e l d e d  on c o n c e n t r a t io n  
c r y s t a l s  of m.p* 8O~9Q°0 which by th re e  r e c r y s t a l l i s a t i o n s  
was in c re a s e d  to  91*92°C* When mixed w ith  a u th e n t i c  methyl 
n - h u ty l c a r h i n y i  £ -x en y l  u re thane  the m.p* was 90*91 °0*.
f r a c t i o n a l  c r y s t a l l i s a t i o n  of  the hydrogen r h t h a l i c  e s t e r
■ < rr ti» in r trn - r» f-w iw f ifn im > i> tr-m « T r ,» i iT i ll - rr - f  W io »'i* i i i w<6 io»i)u <>.i» i«>B.ii*» i f i*M»T«*w»^* tow Wh'gi’ .M mm wm #*. n>W « ii»in n M « w n  .1 > w h w w * mi>i» m  m * i*1*11 iftmmwf im « * » * > - to i iW i 'iH n H K .u in im in
of the reduced, p ro d u c t  of h y d ro ly s i s  of. d l *ethyIr .ropenyl*
c a rb in y l  c h l o r i d e .
' Hexenol ( lO g .)  p rep a red  by the  h y d ro ly s i s  of dimethyl* 
p ro p en y lc a rM n y l  c h lo r id e  was reduced with  hydrogen, d r ie d  
and d i s t i l l e d  to  give  the corresponding  hexanol fS .Sg*) .
This was hea ted  w ith  p h t h a l i c  anhydride (S .T g .)  a t  110*120 0 
f o r , 7 hours and the  p ro d u c t  was taken up in  e t h e r  and e x t r a c t e d  
w ith  sodium ca rbona te  so lu t ion*  A f t e r  washing w ith  e t h e r
the hydrogen p h th a l ic '  e s t e r  was p r e c i p i t a t e d  w ith  d i l u t e  
hydrochloric acid- -and c r y s t a l l i s e d  from chloroform and
p e t re l* -  This was su b jec ted  to  f r a c t i o n a l  c r y s t a l l i s a t i o n
/  °  / :f ro m -e th e r  and p e t ro l"  {40*60 C*j* - The f i r s t - c r o p  ( 2 . 7g*)
o  O '
' had.m.p^ 66*67 0 and t h i s  was in c re a se d  to  73 0 by s ix  
r e e r y a t & l l i e a l i o n s # '  When mixed. 'with a u th e n t i c  e ih y lp ro p y l*
' o
:carM nyl"hydrogen  phtha l& te  the. sup. was 73*74*6 0* The 
e q u iy s le n t '  (by ■ t i t r a t i o n " with. '1 / 1 0 0  sodium hydroxide) was 
2S1 * - • 0 J8O4. r e q u i r e s  260*"'
The f i r s t  mother l i q u o r  : on c o n c e n t r a t io n  y i e ld e d  
c r y s t a l s  m*p* 40*50°0 " ( i g * ) » ; By slow c o n c e n t r a t io n  of 
the s o l u t i o n  a crop w i t h  ra.p* '55*5S°C was o b ta in ed  and the 
mother l i q u o r  f ro m " th i s  y i e ld e d  c r y s t a l s :o f  aupy 40-45°0*
. Two :f u r t h e r  r e c r y s t a l l i s a t i o n s  in c re a s e d  the m*p* to 44*49°G 
m d  when mixed w ith  a u t h e n t i c  methyl nybutyl e&rbinyl hydrogen 
p h th a la te  the'sup* was 43*47 0* . A v e r y - s m a l l ' q u a n t i t y  was
o
ob ta in ed  by f u r t h e r  c r y s t a l l i s a t i o n  w ith  m.p. 46*48 C,and 
mixed sup* w ith  a u t h e n t i c  methyl n -b u ty le& rb lny l  hydrogen 
p h t h a l a t e  45*47 °C*/ The equivalent of the l a r g e r  f r a c t i o n  
(by t i t r a t i o n  w ith  1/106 sodium, hydroxide) was 262* .
r e q u i r e s , 250
87.
P r e p a r a t i o n  o f  1 » e t h y  1 # r o p e n y l o & r M n y l  c h l o r i d e *
f re sh ly  d i s t i l l e d  '..thionyl eh loride  ( 6 *Sg#) In dry ether 
 ^ O O O 9- "W* S added slowly (ihs%) to d*e thylpropenylcarhinol'
hairing BxL • «md.. q u in o l in e  ‘(8#5g>) in  e th e r  (35ca»-)r
o 4*61 . . .
■■The m i x t u r e .was ©doled In  a f r e e z in g  m ix ture  and s t i r r e d
.'; ■ d u r ing  t h e . a d d i t i o n  a n d ' th e  p ro d u c t  was a t  once f i l t e r e d
^  and washed.with  ether*- A f t e r  combining the f i l t r a t e  and
W  ,
washings the e t h e r  was remoted on the w ater  hath* The 
r e s id u e  o f  c h l o r id e  was d i s t i l l e d  in  Yaeuo*- Y ie ld  2*6g.-
b .p .  S9°C/30mm,- c x 'f ^ i  - 1 1 ,2 5 ° ,  cx‘r* 0 -1 2 ,6 5 ° ,  c x '^ ,  -1 1 .7 5 ,
jo o jq° O IB5-693*U.   </V8 *
/ 9^  oC< a *28*3 (jL»0«6) In  the  homogeneous sta te*-
The to  X* r e l a t i o n s h i p  e u r r e '  i s  giwen I n  the  f ig .
p .  60 * '•" 1 , ■ ■'
s of  l* e  t hy Ip roc e ny 1c a rb iny  1 - ch l o r i d e*- - 
/|Q The ■ ahofe  p rep a re d  1 *^0 th y Ip ro p en y lo a rh in y l  c h l o r id e  ■\4imr
: was added to  w a te r  ; {10g*.) and ca lcium ca rbona te  (2g*) and 
l e f t  f o r  a week w i th  o cc a s io n a l  shaking* The r e s u l t i n g  
. carfeinol was s a l t e d  out  w ith  po tass ium  carbonate* e x t r a c t e d  
w ith  ether* d r i e d  w i th  po tass ium  ca rbona te  and d i s t i l l e d  i n  
■ vacuo- a f t e r  ■ removing the s e t h e r  on the water  bath* Y ie ld
o „ /6° O /g° olg*- ,b*p* a5^5? :e/20iom* c<y893 **0*24 * ^ ^ . - * 0 * 2 0 ,
cx/8 **0*1?°* <x/6_ *0*10° (1*0*55 in  the homogeneous
54 6 1 436  6 " *’**
s ta te*  This was conver ted  to the hydrogen p h t h a l a t e  and
<38.
p u r i f i e d  by washing the .'mmonivm hydroxide e x t r a c t  w i th  ether. .
. 'The e th e r 'w a s h in g s  possessed . .no ' .op t ica l ;  a c t i v i t y  ( A ,  5481*
1 ,* 2 )„ A fter p r e c i p i t a t i o n  with d i l u t e  hydrochloric ac id  
the hydrogen p h t h a l a t e  was d isso lv ed :i n ■e the r  .and d r ie d  
■with ca lc ium  ch lo r ide*  v The'--ether ■ so lu tion  was. s l i g h t l y  
o p t i c a l l y  a c t i v e  g iv in g  -  ^ - 46/‘h0*04° (l.*2j - h u t  i t ; was n o t  +  
found p o ss ib le - to  obtain  a"so lid .p roduc t by ev a p o ra t io n  of  ■
■■■the s o l v e n t * .+
' Reduction o f  the, '. c a rb in o l ' ob ta in ed  by, 'hydro lys is  of -
The c h l o r id e  was p rep a red  as befo re  from p a r t  d.**ethyl*
- ,  : i ’ ■ _  ~ Z I °  O ,
■ ■ p ro p e n y lc a rb in o l  {log*} having +6*56 '  (.1*0*5) w i th
.. q u in o l in e  { !% *)  in  e ther - (50g*}  and th io n y l  c h l o r id e  (.13*2g#) 
i n  e t h e r  (30g«}« The p r e p a r a t i o n  ( in c lu d in g  d i s t i l l a t i o n . )
■was completed in  one hour and the product.  (3*5g*} had ■
/•-S. /8  £>° ° tB -£° O ) S ‘S °  o J & s °  °
©  ' ^ 893 - * s a s  * - f>W o * <**+>, ■ - 6 .5 5  c*w a  - 1 2 .6 0
(3Lt O*6) in  .' the  homogeneous state*. The c h l o r id e  was isasied* 
i a t e l y . a d d e d  to w a te r  ( l6 g « ) 'a n d  ca lc ium  c a rb o n a te - ( 4 g * )
. and l e f t  f o r  tvo weeks* The r e s u l t in g ,  earbineX was recovered
/6° o )&° o i&° o
as be fo re  and had (KSfb^  *§**11 * ^ s izo  *0*10 * b* .5-4*1 *§*07* 
*0*03° ( 1 ,0 .5 )  in  th e  homogeneous s ta te*  ■
The ca rb in e ! .w a s  reduced w ith  hydrogen in  e t h e r  w ith ' -  /" 
p la t in u m  c a t a l y s t ,  d r i e d  w ith  po tass ium  ca rb o n a te ,  and ;
d i s t i l l e d  a t  - n o r m a lp r e s s u r e  a f t e r  removing the  e t h e r  © n the
o SjO° O
water  b&thi Y ie ld  X*Sg* b*p* 132*15? G» ^<^893 -t0«04 *
5 0 ° o 3,0° o , .
(X,_46J -+-0*02 #. c<^s6 -kG.OQ {1,0*25) in  t h e . homogeneous
■stateV Yhis reduced  c a r d i n a l  wii" conver ted  to ; the ■ 
hydrogen p h t h a l a t e |  p u r i f i e d  by: e x t r a © t ion w ith  tedium 
ca rbona te  g e la t io n *  p r e c i p i t a t e d ' b y  d i l a t e  h y d ro ch lo r ic  a c id  
a n d ' f i n a l l y  d i s s o lv e d  ' i n  e t h e r  and d r i e d  w ith  sodium sulphate* 
:fhe t o t a l  hydrogen p h t h a l a t e  was fee©vered as  a ;  thie lt .  ;; 
syrup which ten d ed - to  c r y s t a l l i s e *  I t  had +0*20 *
fix] , -h0»Q7#* (1,2# ■ ■©*7*5) ■ in . c h lo r o f o r m ’ s o l u t i o m
■av......The q u o t i e n t  ■ 0*20/0*10 =  1#25 which corresponds  w i th
93$ of d^e tby lp ropy lc& rb ino l  and I f  o f  1-methyl n~ b u t y l -  
ca rh ino l*  (See graph p* /6} ■ f o r  arr o p t i c a l l y  pu re  m ix tu re  
of  t h i s  c o m p o s i t i o n - th e , r o t a to r y  power o f  the. ©arbinol wouXd’ 
he : o£°. +4*7° (1 ,1*0)* The s t a r t i n g  material . :  ( d -e th y l*  .3 o93 ' *“**
p ro p e n y lc a rh in o l )  was 42$ o p t i c a l l y  p u re  a n d . th u s  f o r  o p t i c a l l y  
pure  m a t e r i a l  su b je c te d  to the  above p ro ces s  the  r o t a t o r y
■' : ■' f ' : zo° ^ o  ■
pow er-of  the  reduced c a r h i n o l  would be £<5-893 -h0«38 ' ( l*l*Oi*
Hence the o p t i c a l l y  a c t i v e  c o n s t i t u e n t s  ( f o r  o p t i c a l l y  p u re  .-■—■■ 
s t a r t i n g  m a t e r i a l )  t o t a l l e d  0$ of the whole, i n d i c a t i n g  th a t - '  
on tauturnerismtIon by fo rm a t io n 'a n d  h y d r o ly s i s  o f  the c h lo r id e  
:th e re  was 92, f&cemisa tion ,  7*4$ unchanged and 0 .6$  conver ted  
to J^*methyX j|~butenyle&rbih©l* \ /
Measurement of the P a ra c h o r*
The parachor '  i s  g iven  by the. formula  I*
JP — ■ d
d e r iv e d  from H ac leod1 $ r e l a t i o n s h i p  ' l l
y  == 0 ( 2> v . d ■ 3 ...i- ' (Sugden, ■ "parachor and Valency*1)
where . ® =  m o l e c u l a r ’weight* y =  su r fa c e  tension*
D =  d e n s i ty  o f  the  l i q u i d  and d — d e n s i ty  o f  the 'vapour*
As d was n e g l i g i b l y  small  compared w i th  B i t  was 
omitted* giving- the  s i m p l i f i e d  formula s -
M ■. ;:
B . ;
D ensi ty  measurements were made w i t h  a pyknometer of 
about  G*44ec capac i ty*  This 'w as  c a l i b r a t e d  w ith  p u r i f i e d  
benzene and d i s t i l l e d  w a te r  and.a temperature volume curve 
w a s -p lo t t e d  f o r  the  r e q u i r e d  range* Observed d e n s i t i e s  
were p l o t t e d  a g a i n s t  tem pera ture  (measured to  0*1°C}*
S urface  t e n s io n  measurements were o b ta ined  by ' the 
Maximum Bubble P re s s u r e  method d e s c r ib e d  by Sugden ( lo e * e i t«  
fh# ap p a ra tu s  i s  i l l u s t r a t e d  (see  p* 93 } and c o n s i s t e d  
e s s e n t i a l l y  o f  two j e t s  w i th  r a d i i  approx im ate ly  1*5 and
w  .=
d.lmm* immersed l.Oram below the su r fa ce  of the l iqu id*  .
A- s teady  p r e s s u r e ■causing  a i r  to  i s s u e  from e i t h e r  of the 
j e t s ,  ( s e l e c t e d  by a tap)  was p rov ided  by a f i n e l y  c o n t r o l l e d  
mercury a s p i r a t o r , a n d  the p r e s s u r e  was measured by a 
t i n t e d  ab s o lu te  a lc o h o l  manometer immersed' in  water# The 
p a r t  of the  ap p a ra tu s  c o n ta in in g  the ' j e t s 'w a s  l u b r i c a t e d  
w i th  the l i q u i d  under  : t e s t  and !cou ld  be m a in ta ined  a t  
. s teady  tem pera tu res  by th e -w a te r  bath* A . r a t e  of about one 
.'bubble b u r s t i n g  p e r  second was used w ith  the  small  j e t  and 
a f t e r  'switching to  the l a r g e  j e t  the  a i r  flow was no t  
changed* f o r  -each su r face  t e n s io n  measurement the .temper* 
a t u r e  of the  l i q u i d  was observed and the d i f f e r e n c e  between 
the maximum p r e s s u r e s f o r  - the  - two si&es of. bubbles '  expressed  
as c , emgu o f  a lco h o l  & V  t°C  was determined a n d .conver ted  
to  I  dynes p e r  sq* .cm. T h e 'd e n s i ty  of the l i q u i d  D a t  
the same' tem pera ture  was o b ta in ed  from the d e n s i ty  temper­
ature- cu rve  d e s c r ib e d  above. - 
; ' The surface, . ten s ion  ’i s  g iv en  by the formula :*
y  =  a p
where' A# the a p p a r a t u s ' c o n s t a n t  was determ ined  'by e a l ib r a *  
...tl'on w i th 'p u re  benzene* The f a c t o r '  0  ==■ 1 +■ 0*69 r  g D /  p 
where' r  i s  the . i n t e r n a l ' r a d iu s  of the  l a r g e  je t*  r  was 
measured w i th  -a' t r a v e l l i n g  microscope and the c o n s ta n t  
K-= 0 .69  r  g was ca lcu la te d *
    > . , _
., Thus, f o r . each o b se rv a t io n  the  formula employed was'?*
. Y =  A P ( 14- K S /  p)
Observed su r face  . tens ion  measurements were p l o t t e d  a g a i n s t  
■ temperature* : •
S u r f a c e  Te n s i o n  b y  H f l x / n v n  B u b b l e  P r e ssu r e .
Cric/vm Chlore be
r\
94-.
•. ' Atomic and s t r u c t u r a l  pa rach o rs  u&ed t o r ' c a l c u l a t i o n  
.©f m olecu la r  p&raehors*
■ O nit  Sudden {%*)""' -ttumford and Phi 11 in a (& »P *)
0 ' 4.8 9,2 \
a  17.1 15,4 (10.0 In -OH)
0  2 0 . 0  2 0 , 0
02  (E sters) 60,0 -
Double Bond 23.2 19.0
"~x _ '
i*mem1>ered r in g  .11*$ : 6*0
. 6~me©bere& r in g .  ■ 6*1 : . 0*6"
Branching cha in  *-CM2 ■ *3*0
l a  t a r  grouping ' *O0OR *3*0
95".
o
©
n»A 11 Y L l i e  6  HO i;  
{D is ti l led  over calelum ,),
( S .P t .  133* 5-3L34°C/7SOi 2,/°ma. n ^  ■ 1 ,4125 .)
. Bmpi r i o a l  Do m u  l a  s!* 0r Ha 0 88.096 :
• D en s i ty
Temp:/ G- 0 .1  8 .0  . 17. C 27.4 ' 35*8 42*0 49
D ensi ty 0.8330 0.82855 0.8220 0,8146 .0*8081 . 0*8035 ' 0*
Surface T e n s io n : l 0 g/o A 3*63172 . , 
lo g lo £ ‘ ■2,15685-
f^VT /  C 2 0’rH*# ■' t  . . Surface  Tension
■- 0 , 1  ■ ■ 0.8330 . 7.93 21,0. 26.83
a , 3 ■ 0 , 8 2 8 1 7,78 21 ,2  . 26,32
■17,0' ■ 0.8220 ' ; ’7,59 21.5 25*68
' 26.1 0.8154 ’7*42 . 21*7 25,11
35*3 . 0,8086 7,21 22.0 24.40
' 40*0 0.8051 7.11 22,3 24.06
47, $ 0,7994 (3*95 22 ,8  :■ ■_Z 23*52
15° C B 0.8235 ; y 25,86 .. [l] 241.2
40°e D 0.8051 y 24.07 [p] 242.4
Calc. (S .) 249.2 (M.P. 5 245.4
9 6 .
&1 J- J H .  1 : 1 ?  E 0 !  i  H I  I  . C ■. A H B I ; N 0 L  
(From hydrogen p h th a la i e *  * F re sh ly  d i s t i l l e d * } 
' (B.Pt* 135^35*5  °O/760itsiu) ■
Bmpirie&X forma!aw C^fi^O
Temp.°S 2 ,3  7 .0  18,3 : 2 7 .6  85.7 46 .0
■Density 0.852S :0.8491 O.S405 0.8322 ; 0.8255 0.8165
.Surface Te&slon l o f  A 3.63172
l0g ,o K 2,15685
ernp i 0 
3 .1
,  .S ■; 
0*8122
S.
f iD l
: t  : 
2 3 .5
BiirfaeJL Tteaglofl
26*38
1 3 ,2 .0*8446 7* 65 *>'% , 7(MW* f 25*84
^3. P .0*8363 7 .as- 24*0 . ■ 24*93
.S3* .5 ..0*827*1 . . 7 .0 9  , 24* 5 23*95 .
4§«S ■ G*:8163 .'■6*74 ■ 24*8 2 2 .7 8
18° 0 0 0.8431 X 25 .69 [p] 267.2
40 °0 » 0,8218 2f 23.30 [P] 267,5
Gale, ( S . )  277.2 (K .P .)  273.6
97.
dl  I f H T I i P B O f  I I T L C A H B i X I O l *  
( f ro m ' hydrogen . p h th a la te ♦ S to red  months#)
" (B * f t*  o r i g i n a l l y  136*137  °0/?6Omm*)
Em pir ica l  formulas* £6B i2D 100,072
femp* ° 0 0 a  12*2' ■ 21* 0 31.7 40.5
Beas t  ty  0 *8562 0*8449 0*8 382 0,6294 0.8218
■ Surface  t e n s io n lcg ,0 A 3.64256
10g/0 £ 2.15685
o
S  o t««*» S urfaee  Tension
0 ,7 0,8554 7.72 16.8 26, S2
9*0 0,8478 7,50 17,2 26.15
17*7 0,8408 7.29 17.6 25.42
E4* 0. 0.8588 7.15 18.0 24.93
32*1 0,8292 6,91 18.4 24.10
39*6 0.8227 6.68 19.0 23,29
- n ° c ■■B 0,8429 25,64
\—
i 267.2
■40 °0 D 0.8223 23.25 o?l 267.2
Calo. ( 8 . )  277,2! (M,p .)  273.6
a i  % t  n  T  t  f  B O  f  1  H I I  C A R  B I S O  L*jpia’jilii'i ml1
(Fr©m:0 r ig n & rd , .. S to re d  2f. months*). 
( B . P t , : o r i g i n a l l y :  13£U138 °a/760mm*)
Em pir ica l  fermul&l** C6 Ha 0
Temp*°0
SS4.V
0*2 •' : 11*0 : ' 2 0 . 6 31.3 ,
D ensi ty 0*8648. 0*85 80 . 0,8477 0*838'
■ Surface  Teneion
T e m p 0
’ 1 JL ■ t  ■
• 0 . 2  ' * 0.8648 7,78 17,3
2 .9 0.8627 7,70 17,6
12*3 0*8649 '■ 7*48 18,0
21.0 0*8473 ■ 7 ,24 • 16 ,5  ■
■ 28*8 ; 0*8406 7.03 19,0
' 35.4 0*8349 . 6 ,89  a 19*5
: 40*3::,:/ ; 0.8310 ,6*77"/ 20 .0  -■
: 15°<J 3)' .0.8526 .  ^ X 25,81
oO 3 V 0 .8 312 23.59
pale* (S .)  277,2 (M,'
100,072
0*8312
l0 g /oA. 1*64256 
lo g /0 K 2*15685 
Su r f ace Tension 
27*05 
26*83 
26*07 
25*23 
24* 57 
24*01 
23*68
265*3
S 9 .
d l  I !  S T  l I B r i l l T  t  C i S l  I I  6 t  
{S tm i Gtlgnard* f r e s h l y  - d i s t i l l e d * ) ' 
158*13? 'G /ym tm *)
tm p ir U a l  06B/Z0 ' -3t*$Vs~ 100,072
- ■ P e n a l ty
; . Temp*°.0 0 * 2 ‘ 11.3  "■ 20*© ■ 30*0 ■ ' 30*3
.Penalty  0*8607 . 0>©Sl2 O.B430 0.8357 -0*6281
‘ S u r fa c e  fens  Ion 1 og/0A 1 3*64256
le g ,c K . '2*15665-
■Ten»p» C_ S . E t Surface  Tension
0 ,1  ■ 0,8608 7.67 16.4 '■26*78
13,0 0.8499 7.43 10.9 25*92
22,2 0.842.3 7419 17.3 ' ■ 25 .69
*» *1W* . & 0,8348 6*05 17*7 24.25
40 • 4 0,8271 6.72 16*2 .23*45
15°0 3> 0,84.83 y 25.75 Dp]  265. ?
40° C B 0.8S!75 y ■23.4© [P] 266,2
C&lc« (S *) 277*2 ' / •K-St T\ mi' ,3 273 ,6
1 0 0 .
1-C< YI) I H I f  H T I i n i i  A L 0 0 1! 0 1* 
(After,  s tanding. 6 months*)
( O r ig in a l  B*Ft* 1 1 9 * 1 2 2 P0 / 7 60mm.)
Iffipir lCai fo rm ula ic  mft****- 86*08
0temp* 0 )Oil  ' 9*5 ' 22*5 29 ,8 41*5 -
d e n s i t y  50*860? 0*8526 0. 8424 0,8357 0*8260
g a r fa c e  fengdon l c g /0 A 3.64256
lag/o & 2.15685
temp.*0 G 1  ' ■ ■ ‘ &'■ t**»* Surface  t e n s io n
0*2 0*8806 7 . ?1 16*6 26.90
■ 11*? 0*8509 . 7*48 16*7 26.10
20*8 0*8452 .7*26 17*0 25.33
29 .?  - 0*8358 . 8*98 17*5 ; 24.36
40*8 0*8288 ' 6*71-:. 17*9 23,42
15° <3 D ; 0*8481 : 25*85 do 228.8
40°C F 0*8275 ' * 25*45 BO 229.0
Calc* (S . ) 238,2 (M*B *) 233.8
1- £X YX> I M B I  HT L A U T l  A 1 C 0 8 0 1 
(I u r i f i e d  a f t e r  s tand ing  6 months.)  
m * l S S . 8 * C / 7 6 0 m o . )
B m ji r i e a l  Formula}* Cj-B,0Q 
d e n s i t y
K.Wt.S* 86.08
0 0,2 .  XO.O . 20 , 4 59 .6 40.7
D ensi ty O.S637, ■ CU.S463 0, 8377. 0.8299 0.8202
’ Sul»ff.ac§ fen s ion Xog,0 A 3 64256
log;oK 2 .15685
f  0 c .£ £ 1 Snrfaee  fen s
: 0 . X, ■ 0.8538 7.88 14.8 26.84
...10.6 0.8460 7.49 15.1 26,17
£0 ,3 0.8378 .7 ,28 15.4 25.23
29 .6 0.8299 ' 6,96 15.7 24,33
39.6 0,82X2 6.68 16,2 23.36
15 10 3> 0,8423 ' y 25.76 230.2
40 °i0 D 0*6209 y 23.31 m 230.4
C a lc . (S . )  538.2 ( S .P . )  233.6
IOZ
1- ocyu I K B t  H T t  u  1 n  A I, C 0 H O 1 
(Prep. from, c h l o r i d e * }
(B .pt, 121* S-lgS»S °C/760iam.)
#
"jSmpirioal fornaXa*** O^ -H/o0- MVft* I «* 86*08
$  ■ S s i a i i a : .
Temp.0 8 6 ,2  10.2 20.0 32.0 40.5 '
Density 0,8510 ’’ 0,8431" 0,8363 0,8255 0.8184
3arfaae yenglon Xog/0 A 3*64256
log l o Z  2 .1 5 6 8 5
o t  Surface TensionO
0 . 2  0,8510 7.68 14,8 26,49
7.42 . 15.1 25.93
21,8 0,8359 7.11 15 .5  24.85
.50,0 0.827.1 -6,89 15.8 24.09
5 0.8184 6,60 16.3 2 3,08
15°C 33 Q.8394 K 25.50 0?] 230,4
40 °C B 0,8189 23 .13  [ l ]  230.5
CalC. (S .) 258.2 (K.F.)
)QZ>
k  % k  1* 0  0  K  0 %,
■ 96 f'T ■ C
E m p ir ica l  fotxaal&s* -C3'H60 M*irt*?~ .58.048
■«ng$p*°C3 9*8 : 15.'0 3X*X. s s .e 37.2 45,7
ensit]r 0.8005 0*8584 0.85X5 0.84SC! 0,8371 0,8295
"Bixtf&c e Tension log/o4 3 .63172
log/QK ■■' 2*15685
0 ,6iap> tt  s s *>■ - • **»*- Surfa ee Sension
■ 1+0 ! 0*6660 8.21 f"i r% A 27.80
8,7 0.861S 8.03 2.0*5 27,20
19.2- 1 0*8551 7.80 :2©*5 26.42
534 • E ■ ,0*64Sf 7.68 .21*4 26.00
85*5 . 0*8580 7,31 *T1 ■ A 24.78
40.X 0.8546 7,20 21.3 24.40
48 a  i 0*8293 - : : 7.04 21,3 23,87
&&°c. 0.8;567 ■ y v 26.76 M 154.1
40°C . . B 0*8'347 y 24.39 M 164,5
OsXg ■*■lw».*n» liW ■* ( g . )  160,*! iS .]P.) 153.6
104-
A t l T l  A I  C 0 H 0 £.
(B .P t .  8 6 -96 ,2°0/760Bim.)
Brapiric&X ** 03H60 ' ;  58*048
D ens i ty
Temp*° 0 3 .?  u * y  ' 21,# 4 32..$ 42.8
Density 0.8668 O' ,8593 0. 8513 0.S41' f 0 .8323
-Surface' Tens;ion l o g (oA 3.63172
lo g IO K g ,  15685
Tejn»;° 0 3 £ tw** S urface  Tension
. 6,5 0,8642 8*0? 21.6 27,29
12.1 0.8593 7.91 2.1.8 26,75
■ • Q 0.8499 7.67 22.0 25.95
' S3.-0 0,8401 7 ,33 22,2 24.81
. 43.5 0,8318 7,04 22 ,4 23.84
1S°6 3) 0,8567 y  26,58 Jjp] 153.9
40 "e » 0,6349 y  24,1.9 D?I 154.2
g a le . (S .) 160.2 {SE,!*, 5 153,6
I
/oS.
1 1 ! H I > fb ~  M 1 t  I T  I A  
(B ,P t .  43
Y T V **4^4' Jwf' -X' •*
°0/X8iaia.
L C 4 1 3
*)
U  I  O I .
Bseepir l e a l  y o m u la i*  O^Hj^O 
De.nglty
100.072
Temp /  0 ■0 .0  10.6 21.2 23*8 ' 40 *0
Peaeifcy O.S571 0.8501 0.8411 0 * 8342 0*8247
Surface  fensicmwn^K^wtw- lo g /Q A ■ 
l o g /0K
3.64256 
2.15685
Temp/ 0 B 5. t Surface  Tension. ?«>>»• «*»**»* *nfM» nwtmwia-
O . i 0 .8670 7.95 V7.Z 27,69
12.0 0.8489 7,70 17*8 26,82
20.1 0.8419 7,49 13*2 26.09
30.7 0.8327 7*14 IS * 6 24.88
40.7 0.8241 6,90 *! Q . **J* «7 * 24,04
15°t! B 0,8463 y  ' ■ 28*36 w 268.4
40° 0 Is 0.8248 y. 24,03 ' w 268,6
C a lc . (s.) 277.2 (K.P .)  273.6
10  6 .
o
o
’ I P . R O P  1- 1 Y Zl 0 A I B ! N Y t  A S S !  A 1 1
' (B .F i .  1§2-*15S°G/76Qnni«)
Bmplyieal formulas** SUWt. s - 142,112
' ! " Density.
t  emp *° C €U l  10.1 2CUS @0.2 39,4
D ensi ty  €U90?2 \ 0 .89??  0. B885 0.8?8ii 0.86&8
Surface  TensionutMOii'.w.inii , wi»eaffWM.w»ii*# - lO4(0 A 3.64256
l - ’S io 2,15635
B J. 'S Surfs>,09 Tension
0.1  . 0.0072 e . n . 10.8 28.23
10.0 0,8878 7.85 17,3 27.37
' 20 , 9  : 0.C674 7, SO 17,6 26,17
.■ 29.3 0.8785 7.18 18*0 25.06
41.0 .0,8684 6,81 18 ,5 23.78
l$°C
't
33 0,8031 V 26.83 D'l 362,1
• 40%' D 0.8623 >■ 23,80
i—
i
&
381,5
G ale , ( S . } 301.0 (X.1P.) 361.2
107
•B T H T % V R 0 ?  E ' H Y L 0 A R B I H T L B S I Z O i  I S ,
(B .I’t ,  186*1390C/l5ima.)'
j iap ir ioaX  Formula** 0 ,3 M/6®z 204*128
Temp • ° 0 €>.X ; 10.0 80 ,7 30,0 40,0
Densi ty  3..03175 1*00 98 1,0008 0,9929 0.9849
. S u r face  TensionWrtiif nwyi m/x'-'wrt+tn* ji<i»hi*>w^»hu»>wu<»/'i'H» ih-^l t+ l e g , 0 A 3.64256
log ,0K 2.15685
Temp,° 0 ' 13. c i Surface  Tension
' o .x  ; ■ ■ 1*0175 10.32 16.8 36.91
13.4 1.0068 10.02 17.4 34.85
2.X *2 1*0005 9.56 18.0 33.26
29.5 0*9936 9.31 18.5 32.38
59.X 0.98S8 9. OS 19,0 31.48
15° 0 33 ’ 1,0 o ss  y 33.98 M 490.2
40 °C 13 0 ,9849 # 31.38 rrn
 
1—
1
490,5
Calc* (S .)  494.9 {11.1 . )  495.8
/oa.
A I. I, Y I, A 0 S T A T  32, 
(B.I’t ,  103-105 o0/?60aaa.)
E m pir ica l  Formula C^HgO* "... K .W t.J -  100.064
■ : •M n e i tx  : ■ , , ; :
temp* °0 7.0 / ' .9  23*0 ; - ' 31.4 38 , 5 ; :: 46.1
SD-ensity : C. 9427 ' 0* 9339 : 0*f238 ■:0 . 9142 0. $068 0.8935
Bnr  f  a o'e .t e n s io n  : log 3.63172
.. ;■ - ■ log e  : 2.15686
0
Temp., C £ . ' Q : t r S u rfac e  t e n s io n
1 .5  ; 0,9550■ . 8 * 4 8 :  : \ 21.9 28.53
.6,5 ■ ;  V 0,9430 8* 53 22.2 v £3.19
10.0 0,9386 ■ ■ s a t  V: 22 * 4 £7,72
17.0 ; 0.9294' 22 .6  ;' 26.94'/
24.8 0,9216 -.?*n 22 .9  - ' ’ 26,10
31,6 ; 0.9141 7 . 4 4 ‘- , ; 23.2 ■25.20
39,6 0.9055 7.1? ; 23 .6 24.29
45.8 ; 0.8987 6.95 ; 23* 5. 23.56 :
' 15°C ' .. ■ B . 0-*9328 : • ■ y  ; " 4s'tf «!<* tO f • lO fr] 245,1
40 "c £ C>*9060 X 24.24 M 245,3
Calci. (S . )  244.C1 (M.J , )  244.2
